Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 







-•'; 



*-s 













^' /, 






' "I*' 



O V 






^^ / 



I r 1 



f.. v^ 








i^^w 



/ \\a55 ,<^ 



* \ ^-> '!■ 



J' o 






(/ 



I 



^ 1 



Wisconsin geological and Natural History Survey 

E. A. BIROE, Dirwtor. W. O. 1|0TCHKISS, Stat* Owtkfist. 

BULLETIN NO. XXIII. ECONOMIC SERIES NO. 14 
' n 

RECONNOISSANCE 



SOIL suRVE;;g^uN/, 



O^ K^^ 

APR ^962 



PART OF „,.^ 



NORTH WESTERN WISCONSIN*^ ^^ 



BY 

SAMUEL WEIDMAN 

ASSISTED BY 

E. B. HALL AND F. L. MUSBACK 



MADISON, WIS. 

PUBLISHED BY THE STATE 

191 1 



ORGANIZATION OF SURVEY. 



BOARD OF COHrVllSSION 

|!TIANCIS E. McGOVERN. 

Oovcrnor of the State. 

CHARLES R. VAN HISE, President, 

President of the University of Wisconsin. 

CHARLES P. CARY, Vicr President. 

State Superintendent of Public Instruction. 

JABE ALFORD, 

President of the Commissioners of Fisheries. 

SAMUEL P. PLANTZ. Secretary. 

President of the Wisconsin Academy of Sciences, Arts, and Letterm. 



STAFF OF THK SrRVl.Y 

ADMINISTRATION: 

Edward A. Bibge, Director and Superintendent. In immediate 
charge of Natural History Division. 
^William O. Hotciikiss, State Geologist. In immediate charge of 

Geology. 
F. G. Sanford, Clerk. 

GEOLOGY DIVISION: 

T. C. Chamberlin, Consulting Geologist, Pleistocene Geology. 

William O. Hotchkiss. In charge, Geology. 

Samuix Weidman. In charge, Areal Geology. 

Frederik T. Tiiwaites. Assistant, Geology. 

R. H. WniTBECK. Assistant, Physical Geography. 

E. B. Hall, Assistant, Geology. 

Charies L. Dake. Assistant, Geology. 

Hyrum Sciineidir. Assistant, Geology. 

WATER POWER DIVISION: 

Leonard S. Smith. In charge. 

NATURAL HISTORY DIVISION: 
Edward A. Birge. In charge. 
Chancev Juday. Lake Survey. 
George Wagner. Report on Fish. 
L. G. Lytle. Assistant, Lake Survey. 

E. H. Toole. Assistant, Lake Survey. 

DIVISION OF SOILS: 

Andrew R. Wiiitson. In charge. 

F. L. MiusiiACK. Field Assistant and Analyst. 
Guy Conuey. Analyst. 

E. J. Graul. Analyst and Field Assistant. 

A. H. Meyer. Field Assistant and Analyst. 

L. R. Schoenmann. Field Assistant and Analyst. 

T. J. Dvnnne^vald. Field Assistant and Analyst. 

O. I. Bergh. Field Assistant. 

C. A. LeClair. Assistant. 



TABLE OF CONTENTS 



PAGE 

Tabi£ of Contents ili 

IU.X78TBATIONS "^'i 

Vll 



Chapter I. General Description of the Area 1"22 

Slope and general features 1 

Geology 3 

Crystalline rocks 3 

Sandstone 4 

Limestone 4 

Glacial drift 5 

Alluvial deposits 6 

Loess 7 

Geography 7 

Hills 8 

Terminal moraine 8 

Rivers and valleys 9 

Palls and rapias 11 

Lakes 11 

Rock and mineral supplies 12 

Water supplies 13 

Character of well water 14 

Wells in alluvial sand 14 

Wells in limestone 15 

Wells in crystalline rock 16 

Artesian wells 16 

Origin of flowing wells 17 

Springs 17 

• Pollution of wells and springs 18 

Water powers 20 

Altitudes of North Western Wisconsin 21 



RECONNOISSANCE SOIL SUKVEY OF 
NORTH WESTERN WISCONSIN. 



CHAPTER I. 

GENERAL DESCRIPTION OF THE AREA. 

The area described in tlie present report is in the northwestern 
[jart of the state, as shown on the map of Wisconsin, fig. 1. 
Four of the counties border on the state of Minnesota on the 
west. It is approximately between the parallels 44° 30' and 
45° 45' north latitude, and the meridians 91° and 93° west 
longitude, which is the same latitude as central Maine on the 
Atlantic coast, and northern Oregon on the Pacific, and the 
hame longitude as central Louisiana, Arkansas, and Missouri in 
the Mississippi valley. 

The area includes tlie counties of Eau Claire, Chippewa, Busk, 
Barron, Dunn, Pepin, Pierce, St. Croix, and Polk. These nine 
counties contain 186 townships and have a total area of 6,705 
square miles, approximately one-eighth of the state. 

Slope and General Features, The area slopes down towards 
the southwest. The lowest land, 680 feet above sea level, is in the 
southwest comer of the area at the junction of the Chippewa and 
Mississippi rivers. The highest land is undetermined but is 
very probably the hard quartzite ridges of eastern Barron and 
western Rusk counties. Several of these ridges reach elevations 
of 1,500 to 1,600 feet above sea level, the lower land surround- 
ing these highest ridges in the northern part of the area in 
general, having a varying altitude between 1,100 to 1,300 feet. 

The western part of the area, Pierce and St. Croix counties, 
are mainly limestone uplands, in which the valleys are relatively 
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deep and narrow. A large part of Polk and Rusk counties 
8 a nearly level plain, with broad shallow valleys. 




nohtm CENTniL ahia 



HORTH WEGTCRM ARIA 



The principal topographic feature of the area is the relatively 
level or gently sloping surface of the land. Like other parts 
of the Mississippi valley it is an undulating plain into whicti 
\ alleys have bewi cut by the rivers and streams. 

Upon the broad uplands of much of the area also are exten- 
sive deposits of glacial drift which in many places still retain 
the general forms left by tlie great ice sheets that have invaded 
this region. The beautiful lakes in the region are also intimately 
related in origin to the glacial deposits. Besides the glacial 
depo*its there are extensive wind deposits of loess over large 
portions of the uplands of the area. In many of the valleys 
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are thick deposits of loose sand and gravel which assume the 
forms of terraces. 

Gkouxjy. 

The formations of the area may be grouped into two divisions 
and six sub-divisions, as follows : 
Indurated Formations : 

1. Crystalline rocks. 

2. Sandstone. 

3. Limestone. 
Surface Formations: 

4. Glacial drift. 

5. Alluvial or river deposits. 

6. Loess. 

A generalized map showing the indurated or bed-rock for- 
mations is presented in Plate II. A cross section showing the 
relations of the formations is shown in figure 2. 

J. Crysialline Rocks, This group, mainly of Pre-Cambrian 
age, includes several kinds of rock, such as granite, quartzite and 
trap rock. The granite rocks which include light colored schists, 
gneiss and granite and dark colored coarse and fine grained 
diorites, are found mainly along the Chippewa river and its 
tributaries above Eau Claire. Many wells reach the granitic 
rocks in northern Chippewa and in Rusk counties. The quart- 
zite forms the high hills and ridges in eastern Barron and in 
western Rusk counties. Flambeau Ridge is also quartzite. The 
trap-rocks (Keweenawan) occur in the vicinity north of Os- 
ceola and at St. Croix Falls and extend in a belt farther north- 
east across the central part of Polk county, to Clam Falls. 




Fig. 2. — Section showing geological formations. 



Origin of the Crystalline Ikocks, Most of the crystalline rocks, 
such as the granite and trap rocks, are of igneous origin, and 
were brought to the surface from the interior in a heated molten 
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condition. The quartzite, however, was originally a sandstone, 
and was metamorphosed into quartzite by the great heat devel- 
oped by the intrusive igneous rocks. None of the crystalline 
rocks contain fossils. 

2. Sandstone, The Potsdam sandstone (Middle Cambrian) 
formation is the prevailing surface rock in Eau Claire, south- 
em and western Chippewa, southern Barron, Dunn, and eastern 
Pepin counties. It lies beneath the drift in parts of Rusk, 
northern Barron and Polk, and is expo.^ed along the bottoms and 
side of the valleys. The Potsdam sandstone lies in horizontal 
beds upon the crystalline formations, a fact to be noted in all 
eases where the two formations «re exposed together or where 
wells penetrate both. The sandstone is quite generally a soft 
friable stone. In many places, the formation contains beds of 
shale rock, and green-sand. The fine sandstone weathers into 
a sandy soil but where shale and green-sand occur, loams are 
developed. Where the sandstone is overlain with glacial drift, 
the soil has the loamy character of the drift covering. 

Origin of Sandstone. The sandstone is a form of sedimentary 
rock deposited in shallow water of the sea. Common fossils in 
the Potsdam sandstone are the shells or casts of trilobites, a kind 
of Crustacea, and of small brachiopods, a kind of bivalve. 

In Pierce and St. Croix counties, in the area of the limestone, 
is the thin formation of St. Peter sandstone ( Ordovician ) . The 
St. Peter sandstone overlies the Lower Magnesian limestone and 
while it does not form many outcrops it has modified the soil 
conditions to a considerable extent in many places in these two 
counties. 

3. Limestone. The limestone, mainly the Lower Magnesian 
formation (upper Cambrian), forms the main bed rock in west- 
em Dunn and western Pepin counties, and over the entire area 
of Pierce and St. Croix counties. The limestone also forms the 
summits of many of the iiplands in eastern Pepin and south- 
western Eau Claire. It extends as far north as southern Polk 
county w^here it is generally overlain, however, with thick drift, 
and is exposed only along the rivers. 

In western Pierce and southwestern St. Croix counties are 
numerous \\\^\\ uplands and ridges capped with Trenton lime- 
stone (Ordovician). The soils developed on the limestones are 
generally loams and consist of a modification of local limestone 



OENERAL DESCRIPTION' OF THE AREA. 5 

soil with the surface formations of glacial drift and loese that 
fovers the general area of limestone in this district. 

Origin of the Hmcstovc. The limestone is a sedimentary rock, 
mainly of organic oriinn, beinp formed generally from the ac- 
•■umulation of lime-hearinp shells and skeletons of sea organisms, 
more or leFS broken up into frngments by waves of shallow 
water. Common fossils in the Lower Maprnesian limestone are 
the articulated invertebrates, both the f traight and curved forms, 
and also abundant corals. The Trenton limestone often con 
tains abundant fossil shells or easts of bivalves, erustaeca and 
coral. 

■*. Glacial Drift. The glacial drift (Pleistocene) consists o1 
a mixture of ground-up rock containing varying proportions ol 
clay, sand, gravel, and houlders PI. III. fig. 1. The drift varies 
in thickness and was deposited upon the older bed rocks of the 
area by successive ice sheets that invaded this area and the ad- 
jacent portions of Wisconsin and northern United States. Be- 
tween the periods of glacial invasions long interglacial periods oc 
curred, and hence there is considerable difference in the age 
the several drift sheets that are found in the area. 
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There are some striking differences between the earlier and 
thp later drift formations. Through the action of weathering 
processes, such as the work of frost, the seepage of ground- 
water, and the chemical alterations of rocks and minerals the 
parlier drifts have become more compact and consolidated and 
'^intain more clay and fewer boulders than the later drifts, 
-\nother important difference between the old and new drifts 
is in the surface or topographic features. The older deposits 
i>f drift have been subjected to a longer period of erosion than 
the later drift and for this reason the older drift has acquired 
long drainage slopes and prominent river valleys, while the 
newer drift subjected to a short period of erosion, is still char- 
acterized by belts of steep drift hills and ridges, bouldery 
"hogsback" ridges, swamps, and lakes. The soil condition of 
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the old and new drifts, therefore, are unlike in several important 
respects. 
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The old drift is abundant in southern Chippewa county and 
in a belt of considerable width extending from southern Bar- 
ron county southwest through eastern St. Croix and over most 
of Pierce county. While the old drift bIko occurs over most 
of Dunn and Eau Claire counties and in western Chippewa and 
southeastern Barron counties it occurs only in relatively small 
(luantity and is not important from the standpoint of the soils. 

The area of the new drift is in the northeastern half of Chip- 
pewa county, the whole of Rusk, the eastern part and the north- 
western part of Barron, the whole of Polk and the northwestern 
half of St, Croix. The new drift area is characterized by ter- 
minal moraines, lakes, and swamps. 

.'). Alluvial Dcpanitf. The alluvial dejiosits made hy the rivers 
nf the area eoa^ist mainly of gravel and sand and form level 
Iract.s of variable width in the valleys. Some time during the 
past, between the periods of the formation of the earliest and 
the latest f^lacial deposits, there was a time nf extensive valley 
Riling in the area and adjacent parts of the state, presumably 
caused by a general depression of the land. The rivers and 
streams were unable to carry away the laud wash brought down 
from the upland slopes and were forced to deposit large amounts 
of gravel and sand along their courses. In this majiner, broad 
sand and gravelly plains were built up along the Misiissippi. the 
Chippewa, the Red Ccdir, the Eau Claire, and other rivers o' 
the area. The alluvial plains cover large parts of Eau Claire. 
►outhem Chippewa. Barron. Dunn, and Pepin counties. Alluvial 
formations occur in the other counties also hut are not extensive. 

Alluvial T&rraccn. After filling its valley with waste for a 
time, a river may change its action and entrench its course in the 
built-up flood plain. The part of the plain remaining above the 
new valley floor is called a terrace, or alluvial terrace. 
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KIr. 1. TYl'K'AL SECTION Or GLACIAL SOIL. 
» pigbteen tevt of Blnctnl drift coimlstlriK of sninl, cluy and lioulili 
I'oik riiniity. 
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The Chippewa valliiy below Chippewa Falls is characterized by 
a well defined system of five terraces whieh are especially well 
developed in the vicinity of Eaii Claire. A cross section show- 
ing the teiraoes is illustrated in Figure 5. Well defined ter- 
rpoes are also developed along the Mississippi river and also 
along the St. Croix and Red Cedar. 



-yi- 



Fio. 5 — Section showing tirntccs Id the Chlppcwn \iillEjr below Eau Claire 

6. Thr Loess. The looss consists of fine loam or silt whieh 
overlies the bed rock pnd the Rlaeia] drift of considerable por- 
tions of the area. It is usually from cme to five feet thick and 
is found mainly on the uplands and slopes and owa-sionally in 
the valley bottoms. A view of the loess is shown n PI. Ill, fig. 2. 
The counties in which the loess is an abundant surface formation 
ire Eau Claire, Chippewa, Dunn, Pierce, and Pepin. The loess 
is mainly restricted to the areas occupied by the older drift 
formations and to that part of the area in eastern Pepin and 
western Eau Claire which is entirely free from drift. The Icpss 
verj- probably mainly owes its origin to the action of wind in 
recent geologic time, probably during the time of one of the 
later glacial stages. 

The Iness is free from etone or iiny other rock material too 
lai^e to he transported by wind action. It is essentially of 
uniform character and forms one of the most fertile soil types of 
the area. 

Geography. 

The various geographic forms of the land, the valleys, the 
hills and the plains are the results of the work of the rains and 
the rivers, the glaciers and the wind, acting throughout a long  
period of time. In some parts of this area the work of the 
glaciers and the wind is not important biit in most parts of the 
area these infiuences were very important in shaping certain 
forms of the land. In all parts of the area, however, the worlt 
of the rain in its course down the land slopes, and of the rivers 
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and streams flowing through the valleys, were of great import- 
ance in shaping the land features. 

Hills, The area contains but few hills that reach an elevation 
exceeding 200 or 300 feet above the adjacent valleys. The high- 
est hill in the area is Flambeau Ridge in northern Chippewa 
county, which reaches 400 to 500 feet above the adjacent valley 
of the Chippewa and Flambeau rivers. Other notable high hills 
are the ridges of quartzite trending northeast and southwest 
in eastern Barron and western Rusk counties. In Polk county 
are ridges and broad uplands of trap rock trending in a north- 
east direction. Elk Mound is a prominent hill of sandstone 
capped \vith limestone in eastern Dunn county. Along the 
Lower Chippewa, the Red Cedar, the Mississippi and the St. 
Croix rivers there are steep mounds and valley slopes rising ab- 
ruptly to heights of 200 to 500 feet above the adjacent rivers. 

Origin of kills and ridges. — The hills and ridges of the area 
were carved into their present reliefs by the erosive work of the 
rains and the streams. Two types or ages of hills and ridges 
may be distinguished in the area : One type was formed at an 
early geologic period out of the crystalline rocks, and the 
other type was formed at a much later period out of the sand- 
stone and limestone formations. Such ridges as Flambeau 
Ridge of northern Chippewa county and the high quartzite 
ridges of eastern Barron and western Rusk counties and the 
high ridges of Polk county were formed as hills before the age 
of the Potsdam sandstone. They were subsequently buried 
under the deposits of sandstone, and in the later period oP 
denudation of the land were uncovered again by erosion. They 
are in reality fo?sil hills, like the Baraboo Ridges, and are the 
remnants of old Archean mountains, the oldest hills on the con- 
tinent. The other type of hills consisting of sandstone or lime- 
stone, like Elk Mound, and like Mt. Tom and Mt. Simon at Eau 
Claire, and other mounds in the western part of the area, were 
formed during the present period of erosion, contemporaneous 
with the denudation of the old crystalline hills. 

Terminal Moraine. — ^A prominent feature of the topography 
is the belt of boulder ridges and drift hilLs forming the terminal 
moraine of the latest ice sheet that invaded the region. This 
belt of terminal moraine consists of billowy hills associated with 
swamps and lakes, and has a usual width of 2 to 6 miles. Thef^e 
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Fig. 1. YOUNG VALLEYS. 
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Fig. 2. SAME VALIJ3YS SHOWN IN FIG. 1. IN A LATER STAGE OF 

DEVELOPMENT. 
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undulating hills generally reach a height of 50 to 100 feet above 
the surrounding lower land. 

The terminal moraine of the Chippewa valley ice lobe extends 
from the vicinity five or six miles north of Stanley westward to 
eTim Palls on the Chippewa river, then turns to the north and 
passes through the west central part of Chippewa county and 
along the border of Rusk and Barron counties, crossing the 
northeast part of Barron county in the region of Red Cedar 
lake. From the vicinity of Haugen there is another belt of 
moraine, formed by the St. Croix valley ice lobe, lying across 
the northwestern part of the area and extending through the 
vicinity of Cumberland, Turtle Lake, Clear Lake, New Rich- 
mond, Chapmans and Glover. The topography of terminal 
moraine is iUustrated in Plate VIII. 

Origin of the Terminal Moraines. — The terminal moraines 
are the thickened belts of drift accumulated at the margin of 
the ice sheets, where the ice margins remained essentially con- 
stant for a considerable time. A large amount of drift material 
gathered by the ice in the advance is dropped at the ecJge of the 
ice on account of the wastage of the ice by melting. 

Rivers and Valleys. — The Chippewa river is the largest river, 
and, with its tributaries, drains about two-thirds of the area. 
Its principal tributaries flowing from the east are the Eau 
Claire, Yellow, Jump, Flambeau and Thomapple. On the west 
side of the Chippewa the main tributaries are the Eau Galle and 
Red Cedar. North of Chippewa Falls the Chippewa river has 
a broad shallow valley, but to the south the river has a deep 
valley bottom bounded on both sides by abrupt uplands risins: 
from 100 to 200 feet or more above the sandy river bottoms. A 
series of terraces occur along the valley bottom from the vicinity 
of Chippewa Falls down to the Mississippi. 

The Eau Claire river has a sandy valley bottom relatively 
narrow near its junction with the Chippewa but very wide in 
the eastern part of Eau Claire county. The Yellow river has a 
broad s'andy plain below Cadott, but farther up stream the river 
winds among drift hills with no marked valley depression. The 
Jump amd Flambeau rivers are not intrenched in prominent val- 
leys but have their course? in broad drift-covered, slightly un- 
dulating plains. 
The Red Cedar river drains about one-fourth of the area. 
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In its lower rourse from Cedar F'alls to its mouth, the river 
flows in a narrow rocky pforge. The upper part of the valley is 
quite broad and in striking (»ontrafit with the lower narrow por- 
tion. It is very probable that the broad valley east of the river 
about Rusk prairie, was originally the main valley of the Red 
Cedar, and that the river below Cedar Falls is at present in a 
relatively new channel. The valley about Chetek, Cameron and 
Rice Ijakc is a broad plain from two to six miles wide. 

The Eau Galle river in the vicinity of Woodville and further 
north has a broad valley, but south of this it has a relatively 
deep valley from 100 to 200 feet deep with precipitous banks on 
either side. At Spring Valley the valley bottom is narrow^ gen- 
erally less than one-half mile w^ide, but farther south it gradu- 
ally widens, being about a mile wide below Eau Galle where it 
opens out into the valley of the Chippewa. 

The MissisL^ippi and the St. Croix rivers form the western 
boundary of the area. The Mississippi river has a prominent 
valley bounded by steep escarpments rising abruptly from 200 
to 500 feet above the river. The principal tributaries flowing 
into the Misi^issippi are the Rush river, Isabel creek, Trimbell'^ 
river, and Big river. All these tributaries have deep promi- 
nent gorges in their lower courses. The valley of the Rush is 
prominent as far north as Martell. 

The St. Croix river lies in a relatively deep valley through- 
out its course in this area. The valley is especially prominent 
and picturesque at St. Croix Falls and south as far as Still- 
water. South of St. Croix Falls at the Delles of the St. Croix, 
the banks of the river rise abruptly to heights of 150 to 200 
feet. From Stillw^ater to Pre^scott the river broadens out into 
Lake St. Croix. 

The principal tributaries of the St. Croix in this area are 
the Kinnikinnic, Willow, and Apple rivers. The Kinnickinnic 
below River Falls has a deep and narrow valley with precipitous 
banks. The Willow below Burkhardt is prominent. The val- 
ley of the Apple is fairly prominent below Somerf?et, and espe- 
cially prominent below Big Falls only a short distance from the 
St. Croix. 

Origin of the. Rivrr.^ and Valleys. — The valleys were carved 
out of the surface of the land by the erosion of the rivers and 
streams that flow through them. Rivers and valleys therefore 
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are 90 cloeely connected in life hi.*tory that they can best be 
described together. 

The rains that fall upon the land surface flows off the slope 
and tends to gather into rills and to wash-out gullies as illus- 
trated upon every hillside after any considerable f^hower. The 
gullies grow into ravines, and the ravines grow into valleys by 
the simple work of running water. By constant erosion the 
valleys lengthen and broaden out and the inter-valley areas be- 
c'ome narrower and narrower, as illustrated in the figures of 
Plate IV. 

Rivers and ttreams work untiring throughout their courses. 
The more rivers are studied the more wonderful their place in 
nature is found to be. They wash along in every part of their 
roun?e the waste of the land on the way to the sea. 

Falls and Rapids, — Falls and rapids are common features of 
the rivers of this area. The?e are usually developed in the 
valleys where the streams cross from a more resistant rock to a 
less resistant one. In the course of time, however, the streams 
>rill succeed in cutting down these harder rocks of the rapids to 
frrade with the stream above and below. Rapids and falls, 
therefore, belong to the youthful stage of a valley history rather 
than to that of old age. Waterfalls and rapids are an import- 
ant natural resource of the area and many of them have already 
1 rcome sites for the development of valuable water power. The 
location of nearly all the large cities and villages of the area 
has been determined by the presence of rapids. The cities of 
Eau Claire, Chippewa Fall*^, Menomonie, Rice Lake, River Falls, 
New Richmond, Ladysmith, Barron, Cumberland, St. Croix 
Kails and many small villas:es arc located on river rapids. Ex- 
amples of river rapids and developed power on the Chippewa 
river are illustrated in Plate V. 

Lakes. — The districts containing lakes and swamps lie in th*^ 
northeastern and in the northwestern partvS of the area, as may 
be seen on the map, Plate I. In the northwestern part of Chip- 
pewa and southwestern Rusk counties, the most prominent lakes 
are Long lake, Island lake, and Potatoe lake. In Barron 
pounty are Chetek, Prairie, Pokegema, Rice, Red Cedar, Bear, 
Beaver Dam, and Big Horse Shoe lakes. The most prominent 
lake in St. Croix county is Bass lake. In Polk county there 
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are many lakes, the largest being Cedar lake, Sucker lake, Round 
lake, Balsam lake, and Bone lake. 

Lake Pepin, an enlargement of the RCssissippi river and Lake 
St. Croix, a similar enlargement of the St. Croix river are pronii 
nent lakes on the western border of the area. 

Origin of the Lakes. — ^The existence of any hollow which i«? 
capaible of holding water may give rise to a lake and hence many 
of the sags and depressions in the terminal moraines are occu- 
pied by lakes and ponds. Many lakes in this area also are due 
to the depressions of drift in pre-existing valleys. Such elon- 
gated lakes as Red Cedar, Bear, Beaver Dam, Bone lake and 
Sucker lake were formed by the blocking of valleys by the drift 

Another type of lake is formed in the abandoned meander^ 
of the large rivers, such as the Chippewa and St. Croix. Lake 
Hallie, north of Eau Claire, is an example of this type. 

The life history of lakes is transitory as compared with that 
of rivers. The lakes of the area are comparatively recent in 
origin and do not date back beyond the formation of the last 
two drift sheets. The usually recognized processes operating 
to destroy lakes are three: the down-cutting of the outlet, 
thereby draining the lake; the filling of the lake by detritus 
eroded from the lake shore or brought in by streams; and the 
accumulation of organic matter, both vegetable and animal, such 
as peat and marl, formed in the lake itself. 

Rock and Mineral Supplies. 

The rock formations of the area furnish material for various 
useful purposes. The crystalline rocks, occurring as boulders 
in the glacial drift, or in the solid rock ledges are used to a 
variable extent as crushed stone for road material. The Pots- 
dam sandstone furnishes good building stone in many localities. 
The important sandstone quarries at Colfax and Dunnville sup- 
ply large quantities of good building stone. The limestone is 
quarried for building stone for local uses in Pierce, Pepin and 
St. Croix counties. The limestone in the vicinity of Spring 
Valley is used as a flux in the Spring Valley Iron Furnace. 
It was also formerlv burned for lime at various lime kilns in 
one area but this industry has been largely discontinued. 

Common brick clays occur abundantly throughout the area. 
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An important brick industry is carried on in Menomonie and 
Tramway in Dunn county. The manufacture of brick is car- 
ried on also at Chippewa Falls, Stanley, Ladysmith, Barron, St. 
t>oix Palls, Ameiy, Barronett, Spring Valley, River Falls, 
Diirand and Ellsworth. At present drain tile is not manu- 
taetured at any of theie yards. Drain tile is made from the 
more plastic and finer-grained brick clays. Good drain tile 
could probably be made at several of the brick yards mentioned. 
Good road material is abundantly supplied in the drift cov- 
eied areas by the boulders and gravel in the drift. The trap 
rock ridges of Pollv county, the granite ledges along the Chip- 
pewa river and tributaries in Eau Claire, Chippewa and Rusk 
counties are available sourcei for crushed rock for the con- 
struction of macadamized roads and streets. In the vicinity 
«>f Eau Claire the Potsdam shale is used quite extensively to 
improve the sandy roads. 



Water Supplies. 

The many streamj> and lakes of the area furnish an abundant 
supply of good water for stock. At most of the farm houses, 
however, wells are mainly relied upon to furnish water for 
domestic purposes. 



A 

A 
A'. 




i'lo. 6. — Diagram illastrating relations of groundwater to streams and wells. 
The dotted line AA represents the usual groundwater level which rises to 
A" A" in wet seasons and sinks to A' A' in dry seasons. 

Well water is found at various depths below the surface, de- 
pending mainly upon the general topography, the distance above 
the permanent stream levels, and the character of the under- 
lying rock formations. At certain depths below the surface 
all the pores and fissures in the rock are filled with ground 
water and it is into this water-filled portion of the ground that 
wells must be sunk in order to obtain an abundant and constant 
supply. The upper surface of the ground water, the ground 
water level, is usually very near the level of the permanently 
Hewing streams and rivers of the area. The level of ground- 
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water is not exactly horizontal but is slightly undulating in 
general conformity with the topography of the land surface. 
The relation of the ground water level to streams and wells is 
shoMn in the diagram, fig. 5. 

Some of the lake levels of the small lakes in northeastern St. 
Ooix county, are somewhat unusual in being far above the gen- 
eral level of the groundwater. Wells in the immediate vicinity 
of these lakes go down 50 to 100 feet below the lakes to reach the 
ground water level and obtain a permanent water supply. 

Changes in Groundwater Level. The level of groundwater 
rises and falls from sea^^on to season depending upon the sea 
sonal rainfall. It also changes locally from year to year, due to 
amount of annual rainfall. The ground water level is also 
appreciably lowered where considerable pumpage or flowa^e 
from wells takes place. 

Charact(r of tJie Well Water, The well water within the area, 
is known in dome..tie economy as **soft water*' and **hard 
water.** The soft waters are located within the general area of 
the sandstone and crvstalline rocks in the northeastern and 
ciistern parts of the area and the hard waters are mainly con- 
fined to the area of the limestone in the western part. One of the 
softest waters in the United States is the famous Chippewa 
Spring water of Chipi)ewa Falls. A well known mineral water, 
is used extensively for bottling purj)oses, at the Bethania Min- 
eral Springs at Oceola. North of Osceola a few miles, is ». 
flowing well, made in exploring for copper, which is unusually 
hlrongly mineralized. 

It is possible therefore, to find waters within the area, con- 
taining but sliglit traces up to large amounts of mineral mat- 
ter, though in general the well w^aters usually used for domestic 
purposes are only the ordinary phases of hard and soft waters. 
Much of the glacial drift of the northwestern part of the area 
in Polk and Barron counties contains much limestone material , 
and hence the waters from these localities are also generally 
hard waters. 

Wells in the Alluvial Sands and Gravels, Abundant well 
water is readily obtained in the sandy and gravelly stretches 
along the rivers and main streams of the area. Very generally 
the wells are sunk to the approximate level of the adjacent 
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rivers. Along the Chippewa river south of Chippewa Falls, the 
welli ou the highest benches of the alluvial plains are from 50 
to llX) feet deep. In the broad sandy plains of eastern Eau 
Claire county and in northern Chippewa, in Rusk, Barron, and 
Polk counties, wells are usually shallow, only from 10 to 30 
feet deep. As a rule iu order to secure good pure water the 
wells should obtain their supply more than 20 feet below the 
burfaee and where the groundwater stands less than 20 feet 
Irom the surface, drive wells or drilled wells should be made. 

Wells in the Glacial Drift, Water is found at various depths 
in the sand and gravel of the glacial drift. The deepest wells 
iu the drift, usually from 50 to 100 feet deep, are those in the 
liilly portions of the terminal moraines. On the more level 
areas of the di'if t the wells usually vary from 20 to 40 feet in 
diepth. Where the drift overlies the crystalline rock, as in the 
northeast part of the area, abundant water is usually found 
within the drift, or at the contact with the underlying crystal- 
line formations. Where the drift overlies limestone and sand- 
.--tone however, the wells usually have to penetrate the latter to a 
variable depth to the general level of the underground water. 

Wells in the Potsdam Sandstone. Wherever the sandstone 
lias a thickness of 10 to 20 feet or more and the land is gently 
sloping, it usually furnishes an ample supply of water. The 
vsells in the sandstone ridges and uplands usually have to reach 
down to the level c-f the surrounding low lands along tlie run- 
ning streams to obtain a w^ater supply. 

Wells in the Limestone, The wells in the limestone rock are 
mainly confined to Pepin, Pierce and St. Croix counties. In 
Pepin and Pierce, while the wells penetrate limestone, the wat- 
er supply is generally obtained from the underlying formation 
of Potsdam sandstone. In St. Croix, however, many wells ob- 
tain water from the Lower Magnesian limestone at depths of 
3U to 150 feet below the surface. Many wells in Pierce county 
on the limestone uplands are from 150 to 300 feet deep and ob- 
tain water from the underlying Potsdam sandstone. In some 
places in St. Croix county where the St. Peter sandstone con- 
tains a thin bed of shale at its base, a water supply is obtained 
where the wells reach these shale beds but do not penetrate 
through. 
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Wells in The Crystalline Rocks. Wells that obtain their 
water supply from the crystalline rocks are mainly confined to 
northeastern Chippewa and Rusk counties and along the belt 
of trap rock in central Polk county. The wells in the trap 
rock in Polk are of varying degree of eflSciency, and occasionally 
it is impossible to get a satisfactory supply from this formation. 
Where there is an overlying formation of drift or sandstone 
having a thickness of 10 to 20 feet which may serve as a catch- 
ment basin for water, a supply can be obtained by going down 
to the trap rock or a short distance into it. 

The crystalline rocks in northern Chippewa and Rusk coun- 
ties quite generally furnish a sufficient supply of water for 
domestic purposes. Where the overlying drift and sand is more 
than 15 or 20 feet thick, a supply can generally be obtained at 
the contact with the crystallines or within a few feet into the 
latter formation. Where the crystalline rock is massive and in 
solid formation, it is more difficult to obtain water than in the 
much fractured and fissured rock, for it is from the openings 
in the rocks that the water is obtained. 

In drillings wells in the crystalline rocks, the heavier drills 
should be used, those having a combined weight of bit and stem 
of 1200 to 1400 pounds. The light weight drills usually, make 
too slow progress. The possible clogging of water passages in 
drilling crystalline rock should be taken into account. 

In the crystalline rocks most of the water is near the surface 
because of the larger proportion of rock opening near the sur- 
face, and hence, dug wells are often much more satisfactory 
than drilled wells. The dug wells being of larger diameter open 
up a larger number of veins and fissures and also have a larger 
storage capacity and on this account need not be so deep as the 
drilled wells. 

Artesian Wells. Artesian flowing wells are obtained in the 
southwestern part of the area, on low ground along some of the 
rivers and streams. The sources of the flows are in the Potsdam 
sandstone and also in the alluvial formations in the valleys, i 
The Artesian wells in Durand obtain their flows from depths of j 
200 to 500 feet, the water rising 25 to 35 feet above the level of ' 
the Chippewa river at Durand. The flowing wells that furnish 
running water for the Fish Ifatchery at Hudson have their 



GENERAL DESCRIPTION OF THE AREA. 



17 



source in the alluvial sand and gravel of the Willow river and 
are only from 10 to 15 feet deep and rise only a foot or so 
above the general level of standing water. There are some 
flowing wells also near Arkansaw and in the vicinity of Osceola. 




Fig. 7. — Section of an artesian basin. A, Porous stratum: B, C, Impervious 
beds below and above A, acting as confining strata ; F, height of water 
level In porous beds A, or. In other words, height in reservoir or fountain 
head; D, E, flowing wells springing from the porous water-filled bed A. 

It iii only on very low ground in Pepin, Pierce, St. Croix, and 
Folk counties that artesian flows are likely to he obtained. In 
the southeastern part of the area, artesian flows are not known 
at present, though they might be developed occassionally in 
small restricted areas in the glacial drift or in the alluvial de- 
posits. 

Origin of Flowing Wells, The water in wells that flow at the 
surface is under pressure. The essential condition for the ex- 
istence of a flowing well is a relatively porous stratum lying be- 
tween impervious strata, or below one ; the porous stratum which 
transmit« the water having an outcrop or catchment area at a 
higher elevation than the water bearing stratum at the well. 
In this manner the water in the porous stratum is held under 
pressure and when penetrated by a well the water tends to rise 
up to the level of the intake. There are many qualifying con- 
ditions that effect the quantity of the flow or the pressure. 
Artesian systems of flowing wells are Illustrated in figures 7 
and 8. 




* * I I IT* I »l ^JM'^j'tlil'toLIMBlMtliii-^ ^ F 



Fio. 8. — Section of an artesian slope. X and C are wsiter-Uearing beds ; B and 
D are relatively impervious beds acting ns confining strata ; E. F and 6 
are flowing wells springing from the water-bearing beds. 



Springs, There are many large springs in the southwostorn 
part of the area, along the lower Chippewa river, the St. Croix, 
and Mississippi, and the tributaries in Pierce county. The cop- 
ious springs at St. Croix Falls along the St. Croix are a well 
known feature of that locality. 
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Origin of Slpn'ngs. A "spring" is properly applied lo the 
water emerging from the ground at a single point or within a 
snjaU restricted area. Seepage springs are springs in which 
the water seeps cut of sand or gravel. Such springs are usually 
marked by abundant vegetation, and their waters often cany a 
scum due to the decomposition of vegetable matter or the pres- 
ence of iron. The seum is fre<[uently mistaken for petroleuna. 
Springs of this kind commonly occur along the sides or bottoma 
of valleys, as illustrated in figure 9, 




Via. 9. — Spring Ivd from 



In poroul Mud. 



Fissure springs are those that issue along bedding, cleavage, 
or fault planes. The waters are deeper seated and are almost 
never subjected to eoiitamination. The accompanying diagram, 
(ig. 10 illustrates a typical fissure spring. The springs at Ilwao 
on the St, Croix river are of this tj'pe. 




The Pollulion of Well and Spring Water. Farms, which are 
generally remote from towns and cities or other areas of eoD- 
gested popuIatioD are especially favorably situated for obtain- 
ing pure and wholesome water. As a matter of fact, however, 
polluted water is exceedingly common on the farms, and typhoid 
fever, generally contracted from drinlciug water, is usually more 
prevalent in country districts than in cities. 
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Many of the failures tx) protect water supplies used for drink- 
ing are due to a lack of knowledge of the manner in which wat- 
ers circulate through the ground and of the ways in which the 
ground water may become polluted. The diagram, fig. 11 il- 




FiG. 11. — Diagram showing location of safe and unsafe wells and their relation 

to farm buildings. 



Soil 



Soil 



lustrates the location of safe and unsafe wells, and the general 
relation of these to the location of farm buildings and to the 
ground water level. 

Springs may also be contaminated, especially the seepage 
springs, if proper care is not taken in the location of building:* 
near the spring. Open or dug wells may be polluted by ma- 
terial seeping through the ground and curbing or entering from 
the top of the well. 

The distance from a source of pollution, such as cesspools and 
barnyards, at which a surface or open well may be sunk with 
a fair degree of safety va- 
ries with the formation 
but generally should never 
be less than 100 feet and 
often should be at least 
200 feet. The more open 
and porous the soil and 
the more rapid the move- 
ment of the ground water, 
the greater is the safety 
distance required. Well 
vraters that become mud- 
dy after rain storms indi- 
cate surface contamina- 
tion and should be avoided^!?- ^-V Diagram showing danger Of pollu- 

tlon whore cuslng Is carried only to rock. 
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if possible. Wells shoiild be protected from surface water by 
properly constructed curbing, stock should be kept away from 
the well, and protection from pump drippings, from small ani- 
mals, and dust should be ensured, as they are all possible 
sources of pollution. 

The water of deep wells are usually safe and hence many 
people go to the expense of drilling for deep well water. Deep 
wells, may however become polluted by the entrance of sur- 
face waters (See iig. 12) unless the casing is carried into the 
well a sufficient depth to shut otf all surface water entering 
through hssures. 

Cisterns, which are especially valuable in supplying soft rain 
water or in furnishing supplementary supplies from wells, if 
properly constructed are safe sources of water supply. The 
disadvantage of cisterns is the liability of contamination by 
dust from the roof, and tlie liability to crack and admit shallow 
and possibly polluted waters. 

WATER POWERS. 

The water powers are a valuable natural resource of the area. 
A general survey of the water powers of the state has been made 
by L. S. Smith. "^^ Much less than one-half of the available wat- 
er power in the area is now developed. On the Chippewa river 
extensive power is developed at Eau Claire and Chippewa Falls, 
and on the Flambeau at Ladysmith. There are very many power 
sites still undeveloped on the Chippewa and Flambeau, among 
which may be mentioned the important sites at Jim Falls, 
Brunett Falls, and Ilolcombe on the Chippewa, and Burnt Is- 
land, Big Falls, and Cedar Rapids, on the Flambeau. 

Water powers have been developed on the Red Cedar at Men- 
omonie and Chetek, and on the tributaries of the Red Cedar at 
Rice Lake and Barron. The St. Croix river has many power 
sites in its upper course. At St. Croix Falls, is a 50 foot dam, 
having an estimated development of 27,000 H. P. at present 
only partially equipped, the power being conducted electrically 
to Minneapolis and St. Paul. There are no powers developed 
above St. Croix Falls but important sites are located at Nevers 
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dam, at Kettle River rapids and farther north. Powers are 
developed on the Kinnickinnic river at River Falls, on the Wil- 
low at Burkhardt and New Richmond, and on the Apple at Ap- 
ple River Falls, Somerset, and Huntington, the power developed 
on the Apple river, being conducted to Stillwater and Minne- 
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ALTITUDES OP NORTHWESTERN WISCONSIN. 

Elevations above ^ea level, of many of the railroad stations 
within the area, some of which are also indicated on the soil 
map, are shown in the following table : 



Table I. AHitiides of railroad Htationn. 



Station. 


Altitude. 


station. 
Ilamnirnd.. 


Altitude. 


Amery 


1.070 

972 
1.136 
1.111 1 
1.012 
1,105 • 
1,0^>8 

927 

977 

\,(m , 

1.0,-)3 

H6H 

H31 
l.liW ' 

947 
1.241 
1.0.->2 

72r> 

7KS 
K41 
931 

i.mvs ' 

l.OlH 

i«9 

1.2<>4 

i.o2r> 


1,104 


Aumuta 


Ilersey 

1 lolcoml)© 


1.201 


Baldwin 


1.045 


Barron 

Bloomer 


Hudson 

Knani) 


699 

928 


Boyd 


Ladysmith (on river above 

dam) 

Lurk 

' M aiden Kot'k 




Bruce 


1.110 


Burkhardt 


1.207 


CadoU 


tj^ 


f^ameroii 


Menomonie. C. St. P. M. & ().. 
Menomonie Junct Ion 


7S8 


Chetek 


H84 


Chippewa Falls. C. St. P. M. & 


New Auburn 


1.109 


O 


New Richmond, W. (\ R. R. . . 
Usc<*<)la 


9HK 


Chippewa Falls. W. C. It. R.... 


R)9 


Clear Lake 


P»*l)ln 


f>H«^ 


Colfax 


Prairie Farm 




Cumberland 


T*res(*()tt 

Rice Lake 


70rt 


nana.s 


1.148 


Durand 


Ridsreland 

River Falls 

Robert s 


1.083 


Eau Claire. C. M. & St. T» 

Kau Claire. (\ St. \\ M. &; () . 


«86 
1.039 


Elk Mound 


St. Croix Falls 


920 


Ellsworth 


\ Sniinir Valley 


922 


Falrchlld 


1 St an lev 


1.077 


FalUVeek .'.'.!!!' 


St(X'l\holm 


692 


Frederick 


Turtle T.ake 


1 . 2.'>8 


^•lenwooci 


Woodville 


1.152 
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Table II — Altitudes of points on the important rirers. 



Station. 


Altitude. 


Chippewa River. 
Reedtt Land inc;— High water. 
Reeds Landtntr— Low water.. 

Eau Claire River, moutii 

Chippewa Falls, foot of dam. 
Ye i low River, mouth 


680 

bM 

770 

806 

852 

901 

967 
1.004 
1,030 
1,064 
1.112 

1,070 

1.099 ' 

1,137 

1,177 

1,233 


.Jim Falls, foot 

Brunett Falbi. foot 

Holcomb RapldM, foot 

Flambeau River, mouth 

Bruce, Sec. 28 

Murrai*. N. E. Hec. 23 


Flambeau River. 
Ducommon Rapids 


Ladysmith, below dam 

Lltt le Falls Rapids 


BliT Falls, foot 

Bi*r Falls, head 

Rock Island rapids 



Station. 



Red Cedar. 

Mouth of River 

Dunnville 

Irvinjf 

Menomonie, foot of dam. . . . 

Cedar Rapids, foot 

Hwy River, mouth 

Colfax 

Cameron. (2 miles west) 

Rice Lake (R.R. crossing).. 
Cedar Lake, dam , 



Altitude. 



St. Croix River. 

Prescott. mouth of river 

Low water, 
Kinnikinnic River, mouth... . 
A pple Kl ver. mouth 

St. CroixFalYs (head of navi- 

fration , 

St. Croix Falls (crest of dam) 



705 
723 

766 

788 

823 

R59 

8»5 

1.088 

1,116 

1.191 



667 
068 
672 
683 



687 
750 
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CHAPTER II. 



CUMATE. 



The climate of the area is not influenced by the Great Lakes 
but is influenced in a general way by its location with respect 
to the average track of the storms that move eastward, along 
the Canadian border, and those that move up the Mississippi 
valley from the southwest. As in other parts of the northern 
Mississippi Valley, extremes of temperature prevail, the sum- 
mers being warm with abundant precipitation, and the winters 
cold and relatively dry. 

Temperature, The climatic elements of greatest importance 
to agriculture are temperature and precipitation. The temper- 
ature conditions of the area, are shown in the two tables, Table 
III and IV. The period covered is from 15 to 21 years, the 
period ranging from 1890 to 1909, the data being compiled from 
a recent sectional report of the U. S. Weather Bureau of north- 
western "Wisconsin. There are at present nine Weather Bureau 
stations within and near the area, but of th&^e five have records 
of observations for only a relatively short period, of three to 
five years. The stations at present in the area or near the area, 
are located at Barron, Downing, Grantsburg, New Richmond, 
Osceola, Stanley, Weyerhauser, Eau Claire, Ellsworth and Red 
Wing, Minn. In compiling the temperature data, only the sta- 
tions at Barron, Osceola, Downing, Eau Claire and Grants- 
burg and Red Wing, Minn, are considered. Grantsburg, lo- 
cated in BuoTiett county, is but a short distance north of Polk 
county. 

Table III shows the mean temperature conditions for the grow- 
ing season of the year, from April to September. The mean or 
average temperature for each of the six stations for each month 
is given, and also the highest, and the lowest temperatures for 
each month. The mean temperature is the most important 
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datum to consider in agriculture, as the highest and lowest tem- 
peratures represent only the rare and extxeme conditions. 

By comparing the data for the several stations, it will be ob- 
served that the mean temperatures are almost identical at all 
the stations for the summer months, and yet there is a slig-ht 
and persistent difference between them which is worthy of note. 
The temperature of Barron is about one to two degrees colder 
than that of Osceola and Grantsburg, and about two to four 
degrees colder than that of Eau Claire. 

The table indicates that the summer isothermal lines or lines 
of equal temperature do not run east and west across the area, 
but run northwest and southeast. The summer temperatures 
of Eau Claire Dunn, and St. Croix counties are about the same. 
In the same way the summer temperatures of Chippewa and 
Polk would be the same. Rusk county is the coldest in the sum- 
mer, and Pierce and Pepin counties the warmest as indicated by 
the records at Red "Wing. 

The Table IV showing the temperature for the non-growing 
season indicates that the temperature of Barron and the north- 
eastern part of the area is slightly colder in winter than the 
western part of the area at Grantsburg and Osceola, as well as 
colder than the southern part of the area at Eau Claire. At all 
the stations there are much greater extremes in temperature in 
winter than in summer. 

While the mean temperatures are the most important data 
in the tables, extremes of temperature are also of interest. The 
unusually low temperatures recorded in the area have reached 
40° to 48° below zero, and unusually high temperatures have 
reached 100° to 105° above zero. There are generally from 5 
to 10 days in winter when temperatures below 20° below zero 
may be expected, and from 5 to 10 days in summer when tem- 
peratures above 90° may occur. 
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80JL SURVEY OF NORTHWESTERN WISCONSm, 



Precipitation, The precipitation,* which includes the snow- 
fall as well as the rainfall, at the stations, Grantsburg, Osceola, 
Downing, Barron, Red Wing, and Eau Claire, is shown in the 
following tables: 

Table V Grantniburg, Burnett County, Win. 

(Elevation, 1.095 feet.) 





>t 


Year 


C4 




P 




S 




i« 




-a 


188P 


• • a • 


18W 


1.20 


1891 




1892.... 


» > • • 


1893 


1.40 


18JH 


1.40 


1895 


0.99 


189d. . . . . 


1.15 


1897 


1.33 


1898 


0.39 


1899 


o.n 


1900 


0.77 


1901 


0.50 


1902 


0.9a 


1903 


0.82 


1904 


0.70 


1905 


1.45 



1906 ... 
1907.... 
1908.... 
1909.... 

Means. 



3.05 
1.80 
0.55 
0.90 



2? 

9 






« • • « 

• • • 

• « • a 

2.35 
0.20 
0.40 
0.50 
1.28 
0.88 
1.57 
1.42 
0.65 
0.05 
1.90 
1.55 
0.55 
0.80 
0.90 
1.66 
2.15 






1.11 1.11 



2.25 



0.90 
2.40 
0.40 
2.57 
2.70 

2.56 
0.67 
98 
75 
17 
0.65 
1.20 
1.10 
2.30 
2.35 
0.45 






2.55 



35 
15 
76 
10 
0.75 
1.64 
2.50 



l.o 



.19 
65 
99 
25 
25 
40 
,56 



0.85 
5.13 
4.02 

2.78 






3.4 



2.45 

7.41 

4.61 

5.91 

2.00 

4.85 

5.97 

1.31 

1.13 

2.85 

6.55 

3.08 

3.19 

4.95 

2.15 
> .,« 

3.50 
4.11 



s 

s 

•-5 



3 



1.96 
10.76 



2.20 
1.41 



5. 
3. 

7. 



.09 
,47 
.93 
6.00 
2.30 
1.35 
5.26 
2. 98 
1.12 
5.33 
9.81 
7.08 
7.11 
8.38 

i.5r 

4.80 



4.00 
6.17 



1.21 
0.55 
4.36 
1.30 
9.b7 
1.59 
2.08 
8.77 
3.49 
5.31 
9.37 
4.76 
5.53 
2.38 
4.35 
3.05 
5.75 

4.40 



3 
< 



7.51 



2.03 
0.72 
2.50 
1.53 
2.00 
2.6r 



89 
43 
13 
36 

:o 

68 
5.18 
4.08 
2.44 
0.94 
3.28 



a 



4.01 
2.50 



1.40 
1.80 
4.70 
2.63 
3.65 
1 9J 
1.63 
4.60 
4.25 
:<.55 

10.02 
7.23 

' 7.73 
2.61 
9.H8 
1.90 
3.93 



ft 

2 



T. 

1.55 



2.60 
3.72 
0.01 
4.22 
1.70 

5.ro 

4.1:3 

4.4* 

1.68 

1 

3 

5 

3 



82 
14 
04 
20 
41 
0.40 
2.38 
3 03 



3.45 I 4.18 2.70 



u 

> 
o 



0.55 
0.71 

i!i6 

0.90 
1.80 
0.65 
4.75 
1.04 
1.80 
0.67 
1.05 
0.88 
305 
0.60 
T. 
2.48 
1.93 
1.00 
0.42 
3.50 

1.44 



u 
B 



1.95 



0.80 
2.20 
1.37 
0.50 
1.35 
0.35 

T. 
1.93 
0.75 
1.02 
2.68 
1.50 
1.50 

T. 
1.60 
0.5<> 
0.90 
2.50 

1.23 



c 
c 
< 



22.09 
27.93 
26.00 
36.48 
34.42 
29.14 
31.50 
35.74 
26.62 
27.24 
47.23 
34.77 
41.72 
35.55 
33.18 
35. S8 

33.06 



Oftreoia, Polk Count}/, Wu. 
(Elevation 8(W feet.) 



1891... 

1892... 

1893... 

1S91... 

1895... 

18A)... 

1897... 

1898... 

1899... 

ItTl'O. « • 

1901... 
1902... 
190S... 
1904... 
1905 .. 
1906... 
1907... 
1908... 
1909... 



Means.. 



0.90 
0.03 
1.46 



07 



H6 
0.71 



50 
03 



0.90 
0.35 
0.38 
0.76 
0.67 
0.70 
0.35 
4.50 
1.39 
0.55 
0.86 

1.00 



1.80 
1.47 
2.45 

0.15 
0.24 
0.10 
0.73 
1.13 
1.30 
0.92 
0.68 
1.42 
0.44 

o.as 

0.78 
0.18 
0.53 
0.85 
41 



I 1 



0.92 



2.30 
1.13 
2.91 

2.80 
«i.55 
^.34 
2.09 
4.43 
2.19 
0.70 
3.24 
0.80 
2.0i> 
1.3T 
73 
3.5<» 
0.70 
1.45 
0.85 

1.90 



2.05 


1.95 


1.32 


8.10 


3.6'2 


2.58 


4.74 


9.9.-» 


1 .95 


4.67 


5.67 


iM 


1.34 


l.iiO 


i.6:t 


6.60 


2.m 


3.41 


1.95 


0..36 


1.51 


1.74 


1.95 


2.5V 


2.92 


7.31 


1.52 


5.21 


0.62 


2.77 


1.55 


6.61 


1.05 


O.lM) 


3.61 


8.23 


2.50 


2.05 



4.52 
8.14 
2.08 
2.40 
4.31 
6.63 
7.30 
4.tl2 
6.H5 
0.90 
6.40 
3.02 
2.26 
5.6V 
6.27 
4.07 
3.. 35 
5.50 
5.68 



2.38 
6.22 
3.17 
0.44 
5. ^5 
1.8J 
4.94 
1 .32 
1.66 
9.76 
3.79 
3.9S 
9.58 
5.0.) 
2.65 
5.02 
4.51 
3.05 
3.53 



2.33 4.27 4.75 4.12 



1.02 
4.tH 
2.1H 
0.tV5 
1.P3 
4 38 
1.35 
4.24 
4.87 
7.9t» 
2.35 
3.60 
4.42 
3.54 
5.35 
2.56 
2.98 
0.79 
3.tW 



1.5? 
1.34 
2.04 
1.85 
5.72 
2.77 
3.76 
0.87 
1.06 
8.14 
5.20 
3.9.^ 
8.76 
5.66 
6.01 
.i.to 
7.33 
3.32 
3.80 



1.63 
0.62 
3.42 



(» 
•)«> 



3.54 
2.11 
5.67 
3.72 
6.08 



1.22 
0.49 
0.79 
0.13 
1.14 
3.20 
1.32 
1.69 
1.02 
0.71 



3.28 4.05 



1.71 


1.87 


1.23 


2.55 


4.14 


0.20 


5.32 


T. 


2.62 


1.80 


3.20 


1.77 


1.45 


1.12 


2.43 


0.98 


2.20 


4.45 


2.95 


1.39 



3.93 
0.63 
1.97 
1.60 
0.16 
0.79 
0.11 
0.07 
1.54 
0.«7 
2.28 
2.11 
0.83 
0.50 
0.2!) 
1.97 
0.20 
0.70 
1.92 



25.25 
34.13 
28.67 
30.47 
27.00 
3t>.82 
»>.15 
32.60 
31.38 
38 50 
31.15 
27.95 
43.62 
35.39 
30.15 
38.69 
25.27 
31.46 
32.91 



1.17 f 32.13 
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Downing, Dunn County, Wu, 
(ElevatloD. 983 feet.) 





>* 


b 














ber 


u 




t4 




Year 


u 

3 

C3 
•-3 




jC 
a 


< 


1 


a 
s 

■-3 


3 

2.44 


■ji 
s 
fee 

s 

< 


5 
1.41 


o 


s 

> 

o 


a 


•8 

d 
s 

c 

< 


1«»1 


2.05 


2.63 


3.12 


3.37 


2.14 


4.30 


3.85 


4.16 


0.52 


5.33 


35.32 


188! 


0,47 


1.90 


2.09 


2.13 


7.4b 


5.8:^ 


8.31 


2.91 


2.90 


2.60 


0.76 


1.09 


36.35 


1MB.... 


1.43 


3.53 


2.81 


6.17 


2.55 


1.54 


2.81 


2.33 


2.59 


2.93 


0.77 


4.01 


33.47 


\m 


1.25 


0.32 


3.02 


5.65 


10.56 


1.90 


0.42 


0.50 


2.93 


4 33 


1.93 


1.68 


31.49 


I.««5 

1893 


1.23 

• • • • 


0.55 

• • • • 


• * • « 
  •  


• • • • 

• • •  


 • • • 


• • • • 

• • • • 


• • • • 

• • • • 


• • » • 

• « •  


 •  • 


• • • • 

• • • • 


• • • • 

• • • • 


• • • • 

• •   




\^i 

1898 


• • • « 

0.25 


• • • • 

1.04 


• • • « 

0.f7 


• • • • 

1.23 


• • • • 

2.67 


• • • • 

4.86 


• • • « 

2.11 


• • • a 

. 3.55 


• • • • 

0.89 


• « « • 

4.45 


• • • • 

1.04 


• • « • 

T. 


• • • • « 

22.76 


\m 


0.P5 


0.60 


1.10 


1.60 


5.87 


8.37 


1.64 


4.m 


3.42 


4.45 


0.80 


1.90 


35.31 


IJW 


0.31 


0.51 


1.10 


2.00 


0.04 


2.46 


10.55 


4 34 


9.46 


7.46 


0.37 


0.95 


39.55 


IPOl 


• « • • 


• • • • 


•  • • 


2.15 


« « « a 


 • • • 


• • • » 


1.31 


5.20 


1.39 


• • • • 


> •  • 




1902. ... 


0.00 


0.90 


0.30 


2.15 


3 80 


3.00 


3.73 


2.00 


2.45 


1.65 


3.fO 


3.61 


27.99 


WXl 


0.30 


0.05 


2.08 


3.55 


7.14 


1.62 


8.78 


5 01 


7.37 


2.45 


52 


0.80 


39.65 


1904 


1.00 


0.65 


2.10 


2.00 


4 72 


4.92 


5 60 


4.90 


4.20 


7.44 


0.10 


0.90 


38.53 


1906 


l.QO 


1.00 


1.01 


T. 


5.90 


7.05 


2.65 


7 40 


2.M 


' 3.15 


1.06 


1 0.50 


33.62 


I«K 


3.00 


T. 


1.20 


2.25 


8.44 


4.45 


1.95 


5.63 


4.91 


3.51 


' 1.68 


1 1.80 


38.82 


1W7 


3.14 


' 1.60 


2.21 


1.20 


1.70 


6.24 


3.30 


4.71 


5. mi 


1.10 


1.00 


0.30 


31 .6-2 


1906 


0.91 


1.80 


1.50 


5.45 


2.75 


9.3> 


1.60 


1.50 


1.20 


i.ai 


1.08 


1.20 


2V>.34 


1909 


0.00 


2.80 


0.10 


2.81 


2.51) 


4.77 


4.96 


3.50 


4.29 


2.94 


4.56 


1.15 


35.34 


Meaas.. 


1.17 


' 1.24 

1 


1.66 


2.74 


4.53 


4.71 


4.06 


3.65 

1 


3.77 


3.44 


1.33 


1.67 


33.99 



XoTB— Observations at Menomonle from January. 1891, to February. 1895: at Knapp 
from Januarr. 1898, to June. 1902; at Downing from July. 1902. to December, 1909. 



Barron, Barron County, Wis. 
(Elcv^ation. 1.1 15 feet.) 



f 

1891 


• • •  


• • > • 


• • • • 


• • • • 


• • « • 


2.68 


1.86 


r.42 


1.46 


1.90 


0.70 


4.52 




1«R2 


0.26 


1.73 


0.98 


2.29 


7.03 


7.44 


4.61 


3.94 


1.77 


1.80 


1.04 


0.71 


33.60 


1>«3 


1.23 


2.91 


1.75 


4.91 


3.85 


1.25 


3.28 


3.66 


2.85 


3.40 


• • • • 


2.05 


•  • >  


I«94 


1.6S 


0.45 


2.44 


4.64 


8.94 


2.01 


2.40 


1 30 


1.85 


4.73 


1.40 


1.24 


.33.08 


18% 


0.8? 


0.60 


0.48 


1.68 


3.63 


4.87 


4.93 


1.78 


3.90 


0.26 


0.8J) 


1.66 


25.42 


1S96 


1.63 


• • • • 


• • a 


• • • • 


• « • 


• • a  


• • • • 


  • • 


• « • • 


• • • • 


• • • • 


• • *  




IW 


2.a3 


1.75 


2.60 


1.86 


2.17 


6.23 


5.;)4 


1.25 


2.93 


1.85 


0.29 


0.30 


28.80 


JS9S 


0.25 


1 83 


1.80 


1.02 


4.40 


2.27 


1.90 


2.51 


0.9M 


4.64 


1.00 


T. 


22. KO 


1899 


0.45 


1.16 


3.30 


1.73 


3.15 


7.00 


2.00 


5.87 


0.63 


4.26 


0.95 


2.02 


32.54 


1900 


1 16 


•  « > 


1.U> 


1.11 


1.71 


2.20 


7.70 


7.tU 


« • • • 


5.40 


1.(K1 


1.05 




1901 


0.49 


O.aO 


3.50 


2.22 


1.H2 


rv23 


5.10 


1.70 


6..S5 


1.28 


1.50 


0.40 


30.29 


190i 


1 50 


0.2d 


8(i 


2.06 


3 63 


4. .39 


3.65 


1.09 


2 .39 


0.68 


4.30 


1.37 


26.18 


\9fXS 


0.59 


0.40 


2.52 


2.44 


5. Sri 


3.04 


6.55 


4.75 


5.95 


3.20 


0.50 


0.54 


.'»6.34 


1904 


1.25 


1.40 


1.14 


2.20 


6.r>5 


8.45 


6.15 


5.51 


6.76 


5.61 


T. 


090 


45.92 


1905 


1..V) 


0.50 


0.47 


1.00 


4.:iO 


13.70 


3.50 


S..)0 


3.70 


2.40 


2.70 


T. 


42.47 


I9rw 


3.20 


0.40 


l.OU 


2.58 


7.45 


3.84 


2.40 


2.92 


2.08 


1.20 


0.43 


1.00 


28.50 


1907 


1.30 


1.05 


1.08 


0.70 


1.83 


3.39 


2.75 


2.50 


3.75 


• •  • 


• • •  


a- • • 




1908 


0.50 


1 no 


1.75 


4.05 


3.85 


5 64 


2.56 


1.61 


1.46 


3.08 


0.95 


0.87 


27..32 


1909 


0.35 


1.35 


0.80 


3.61 


2.60 


2.56 


2.96 


4.08 


4.27 


2.54 


4.48 


1.24 


.30.84 


Means. . 


1.12 


1.08 


1 63 


2.3i) 


4.29 


4.79 


3.88 


3.45 


3.14 


2.84 


1.38 


1.17 


31.13 
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Red Wing, Goodhue County, Minn. 
(Elevation. 708 feet.) 



1685 

1886 

1887 

1888 

1899. . 

1890 

1691 

1892 

1893 

1894... 

loHj. . . . 
1896.... 
1897..., 
1898.... 
1899.... 
1900.... 
1901..., 
1902.... 
1903.... 
1904.... 
1905.... 
1906... 
1907.... 
1908.... 
1900.... 




i. 




E 




H 


3 


1 


C 
< 



83.t>7 
33.41 
31 <^ 
1S.9H 

3«\4* 
.30. «W 
3t).42 
27.17 
21 .VI 
23. :«^ 
25 44 
.31.r<> 
2t?.tk7 
.31.19 
26.7.3 
2l5.t2 

:« 74 

34.1ti 
31.51 
36. > 

33.ri;< 
29 J>* 

33. in; 

33.6:? 



Mf*ans.. 



1.20 30.19 



XoTB— From Novembpr. 18.16. to Oecjmber, 190.^. inclusive, except January and Koh- 
ruary, 1908. the ret^ortls are from the river observing station at Red Wln^. 



1891 

1892 

I HnO • • • • . 
1 Wn • . • . . 

1895 

1890 

1897 

1898 

1899 

UKX) 

1901 

liWJ 

1903 ... 

19(>4 

1905.... 

1906 

1907 

1908 

1909 



Means. 



0.30 
1..31 
1.30 
0.98 
1.40 
2.00 
0.32 
0.98 
1.00 
0.56 
0.77 
0.32 
0..31 
0.73 
2 24 

\.h 

0.58 
1.03 

1.00 



2.95 
l.CiO 
2.70 
0.90 
0.44 
0.40 
2.75 
2.26 
1.47 
1.49 

o.ta 

0.88 
0.87 
0.75 
0.49 
0.32 
0.75 
0.97 
1.61 

1.28 



Kau Claite, Rau Claire County, Wis. 
(Elevation. 800 feet.) 



i.a'i 

1.00 

i.w 

2.03 
0.22 
0.60 
4.10 
2.85 
2.90 
1.23 
3.58 
1.51 
2.10 
l.iw 
2.28 
3.07 
1.95 
2.63 
1.28 

2.04 



1.70 
2.40 
5.W 
2.9i 
1.67 

e.a'i 

1.16 
2.22 
1.58 
2.95 
1.45 
3.49 
3.72 
1.31 
0.51 
1.52 
1.20 
3.46 
3.42 

2.58 



2.00 
6.15 
4.87 
6.62 
1.17 
4.50 
3.65 
1.96 
8.47 
0.75 
2.26 
5.27 
7.03 
2.52 
6.61 
20 
27 



7. 
3 
5, 
3, 



64 

OO 



4.37 



5.40 


2.20 


1.70 


1.07 


9.10 






2.90 


0.66 


• • 

2.73 


1.77 


2.21 


5.60 


4.13 


1.28 


4.0t) 


6.25 


2.67 


3.«) 


3.(« 


5.()5 


3.2t> 


3.20 


2.10 


1.50 


1.27 


0.23 


0.77 


7.02. 


1.62 


7.67 


3.23 


1.86 


8..H8 


3.. 37 


8.73 


6.47 


4.01 


2.06 


O.l 1 


2.27 


5.91 


3.25 


2.21 


2.44 


8.78 


5.09 


9.12 


7.17 


2.42 


2.76 


3.66 


6.59 


2.46 


6.82 


4.43 


3.47 


3.10 


3.61 


4.13 


3.80 


1.12 


5.68 


3.65 


6.32 


2.28 


1.74 


2.91 


2.96 


2.20 


2.22 


6.S4 


4.66 


3.47 


3.26 


3.93 



3.10 
1.70 
3.26 
2.90 
0.56 
3.U0 



2. 
5. 



49 
13 



3.61 
9.41 



64 
58 
99 
46 
tkS 
2.79 
0.77 
1.56 
2.63 

3.22 



0.70 
0.75 
1.30 
1.23 
1.83 
3.70 
0.92 
1.79 
0.67 
1.32 
0.54 
4.28 
0.65 
0.24 
1.33 
2.75 
1.33 
0.98 
5.42 



4.65 
1.00 
5.10 
1.09 
0.90 
0.50 
0.72 
0.27 
2.20 
l.W 
0.55 
3.05 
0.84 
1.68 
0.31 
1.33 
0.42 
1.07 
1.46 



3371 

' 22^84 
35.40 
31.40 
20 57 
41.42 
4l.ii9 
32.46 
35.47 
42. » 
29.93 
36.24 
35.53 
25.79 
30.14 
34.07 



1.67 1.48 : 32.96 
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These tables show the actual amount of precipitation for each 
month at the various stations for* the past 15 to 20 years, and 
filso the annual amount for each of the years, as well as the mean 
monthly and mean annual precipitation for the period. 

The amount of rainfall during the growing season exerts the 
most influence on growing crops. The mean rainfall for the 
growing season and also the non-growing season is shown in the 
following table : , 

Table VI. — Mean monthly precipitation for the groioiny and non-growing 
stolon for the tivtire period of record of each station, to 1909. 



Month. 


GranU- 
burg. 


Osceola. 


Barron. 

2.36 
4.29 
4.79 
3.b8 
3.45 
3.14 


Downing 


Eau 
Claire. 

2.58 
4.37 
4.tid 
3.47 
3.26 
3.93 


Ked 
Wing. 


April 


2.78 
4.11 
4.80 
4.40 
3.45 
4.18 


2. as 

4.27 
4.75 
4.12 
3.28 
4.05 


2.74 
4.55 
4.71 
4.0tf 
3.1)5 
3.77 


2.28 


Mv 


3.63 


Juue 

July 


4.34 
3.37 


August 


3 65 


September 


3.94 


Mean of the growing 
^^afloii 


23.72 

2.70 
1.44 
1.23 
l.U 
1.11 
1.75 


22.80 

2.95 
1.39 
1.17 
l.UO 
0.\Ki 
1.9U 


21.91 

2.84 
1.3S 
1.17 
1.12 
1.08 
l.tW 


23.48 

3.44 
1.33 
l.tJ7 
1.17 
1,24 


22.27 

3.22 
1.U7 
1.48 
1.00 
1.28 
2.04 


21.21 


O(*tober 


2.59 


XovemDer 


1.45 


IH-wmber 


1.20 


J&nuary 


1.22 


February ;. . 


1.14 


March 


1.36 






Mean of the non-gx-ow- 
'<*'atfon , 


g.34 
3:^.00 


9.33 


9.22 
31.13 


10.51 


10.69 
32.96 


8.98 






Mean annu&l 


32.13 


33.99 


30.19 


t -^— — ^— ^^— ^— — ^-^^— — ^-^— — 





The mean annual rainfall varies from 30.19 to 33.99 inches at 
the several stations. During the growing season from April to 
iSeptember the amount of rainfall is from 21.21 to 23.72 inches, 
the greatest fall occurring in May, June, and July, when most 
needed by the growing crops. 

The amount of precipitation in the non-growing season from 
October to March, varies at the stations from 8.98 to 10.69 
inches, being less than one-half the amount falling during the 
Rowing season. A little more than two-thirds of the annual 
rainfall, therefore, falls in the growing season. The monthly 
precipitation at Eau Claire and Osceola is illustrated in the 
diagram, fig. 13. 

While the mean annual rainfall is generally from 30 to 33 
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inches there are oecnsioiial dry years when there is much less 
precipitation. During the 10 year period from 1893 to 1903, 
the precipitation during the driest year was 20.6 inches at Eau 
Claire and 27,1 inches at Barron, and during the wettest year 
of this 10 year period, there was a rainfall of 42.7 inches at Eau 
Claire and 3&.3 inches at Barron. The records appear to show 
that the annual rainfall in the northeastern part of tlie area 
is more uniform from year to year than in the southwestern 
part. 




Fia. 13. — Dlngram showlDs montbly precipitation at Eau Claire and Oiceal*. 

It is of interest to compare the mean seasonal rainfall and 
mean seasonal temperatures of tlie area with that of the entire 
state and the adjoining states, as shown in the following table: 



Tabi 



, \ 11- r«ble>/,ot 



liiifall and temperatuT 







SBrilw. 


Moan Mean 
lemp. Drerli). 


Autumn, 


Winter. 




Mitan 


Mean 


?r 


»S',. 


Mean 


Inches. 


^•i^'^r 


s,.™WU.... 


«: k'.3 


i li-* '^■- 


?"' 


U 


2o;a 

23. 
26. 






-iii::::;::::. 
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The summer months are the most important agriculturally and 
the -table shows that for the summer season the mean tempera- 
ture of the area is very favorable for agriculture, and is only 
a few degrees colder than the temperature of Northern Illinois, 
Northern Indiana, and Iowa and that the rainfall during the 
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BBTORS MAY Idl. 
FiQ. 14. — Average dates of last killing frosts in spring. 



sunmier itj more favorable than in the latter regions. The table 
shows that while the summer temperatures of the area closely 
approaches that of the region farther south, the winters are 
considerably drier, and colder than in the latitude of Northern 
Illinois. 
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Tabi.b \IIL— Front data. 



Stations. 



Barron 

Grantttbuiv 

Chiceola , 

Downlnir 

Eau Claire 

lC«d Wins: (Minn.) 





Averaire date of 


Length of 






recbrd. 


Last killing 


First kllllnir 


years. 


frost 


frost 




in sprinir. 


in autumn. 


18 


May 22 


.*<<»ptember 15 


17 


May 14 


September Vf 


itf 


May 12 


September 2i» 


15 


yi^y d 


Septemtier 24 


I» 1 


May iO 


iictober 1 


" 1 


May 2 


October 5 



Killing Frosts, The average date of last killing frost in the 
spring and first killing frost in the autumn is shown in the above 
table, complied from records extending over a period of 19 
years. 

The average period of immunity from frost at Barron is 115 
days, at Grant&burg, 127 days, at Osceola, 134 days, at Down- 
ing, 140 days, at Eau Claire, 142 days, and at Red Wing, 155 
days. The average period of immunity from frost in Busk 
county is probably between 105 and 110 days, and in Pierce and 
Pepin counties about 150 to 155 days. In the two charts* of 
the state, figures 14 and 15, the several zones having similar 
frost data in the Spring and Autumn, are illustrated. 

This period is sufficiently long for the growth of all common 
crops, with the possible exception of com in the northeastern 
part of the area. In the northern part of Barron, and in Rusk, 
probably only the Wisconsin No. 8 variety of com and flint can 
generally be brought to maturity. Com for silage, of course, 
can be grown successfully in all parts of the area. 

Other crops that are likely to be affected by the frost are 
tobacco and potatoes. Potatoes readily ripen within the period 
of 100 days or less*. Tobacco is successfully grown in Chippewa 
and Barron counties. Tobacco, with proper rainfall and warm 
temperature conditions, will ripen in 70 to 80 days. 

The tables of temperature and rainfall of the several stations 
furnish the detailed climatic data for the North Western area. 
It should be borne in mind by the farmer that the condition of 
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the soil is only one factor in the problem of agriculture and 
that conditons of temperature and amount of ranf all, especially 
for the growing season are also very important factors. The 



Oct. I 



Sept . ao 




Oct. 10 



oot;io 

"^ Fio. 15. — Average dates of first killing frosts In autumn. 

kind of crop raised should be especially studied with respect to 
Its climatic requirements, and comparisons should be made with 
the kno\^Ti conditions under which such crops have been grown 
in other localities. 
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CHAPTER III. 

DESCRIPTION OP THE SOILS. 

In the 6700 square miles of the area, there are fourteen kinds 
of soil as shown on the map. (Plate I in pocket.) Some of the 
soils are quite ui»iform in character over large areas while others 
are quite variable and lack uniformity. 

Character and Origin of Soil. — The soil consists of mineral 
and organic material. The mineral portion of the soil originates 
through the disintegration and weathering of the stony material 
and the surface formations of the land, and the organic portions 
through the decay of animal and vegetable matter living upon 
and within the soil. 

The most effective agent in the weathering of soils is water in 
its various forms, the changes of temperature, and the air. 
Water in the soil aids chemically by dissolving mineral matter, 
and mechanically by washing and wearing away loose soil ma- 
terial. The alternate freezing and thawing of water in the soil 
and rocks, in autumn and spring tend to break up the soil 
particles. Earthworms ^nd other burrowing animals, aid ma- 
terially in making soil. The growth of roots of the forest trees 
and ako the smallest plants tend to split apart the rock parti- 
cles and assist in soil formation. 

Soil Erosion. — There is a constant process of wash by rains of 
the loose soil material from the higher levels and slopes of the 
hill sides to the valley bottoms, and thence by streams to still 
lower levels down the valleys. If rains are gentle, but little 
soil is washed away, but if rains are heavy, they may transport 
in a few hours enormous amounts of sand and mud to lower 
levels. 

But little erosion can take place on nearly level or gently un- 
dulatng lands, but where slopes are steep the various bad feat- 
ures of erosion may develop. The lighter and more sandy soils, 
into which the rains can readily penetrate are not likely to be 



DESCRIPTION OF THE SOILS, 35 

appreciably eroded, even on the sloping lands, while the heavier 
clay soils and loains, unless carefully guarded may be sub- 
jfeted to much erosion. Most of this area on account of the 
loamy character of the soil and the gentle slope of the land is 
not likely to be much eroded, but in certain hilly portions, in 
the southwestern counties, the tendency to soil erosion should 
Iq checked as much as possible. 

^oiircis of the Soils. — The soils have their source in the slow 
weathering and decomposition of the various formations of the 
area, such as tlie glacial drift, the loess, the alluvial plains, and 
the sandstone, the limestone and the crystalline rocks. The 
nicK^t important formations from which the soils are derived, 
arc the surface formations of drift, loess and alluvial material, 
as these formations generally cover the bed-rock formations. In 
certain parts of the area, however, soils derived directly from 
the sandstone cover considerable areas. In the areas of the 
limestone and crystalline rocks, however surface formations of 
loess or drift are generally present. However the character of 
the surface formation is often largely determined by the under- 
lying rock and hence the various geological formations are im- 
j>ortant factors in determining the character of the overlying 
soil. 

Hurface Soil and Suh-soil, — The surface soil generally con- 
taining more or less organic material, usually extends to depths 
of 6 to 8 inches. The subsoil immediately below the surface soil 
is important as the medium in which much of the soil moistur\2 
is stored. If the subsoil is such as to hold too little or too much 
moisture, the fertility of the soil is greatly decreased. It is im- 
portant to know the character of the soil to a depth of 3 or 4 
feet below the surface as well as of that portion which is turned 
by the plow. 

Basis of Soil Classificaiion. — The classification of soils and 
their separation and mapping into various types or phases, is 
hased on the physical texture of the soil mainly due to the rela- 
tive proportions of sand and clay present. Soils are generally 
referred to as clays, loams, or sands. A clay soil generally con- 
tains from 25 to 50 per cent of clay and the remainder silt, sand 
or gravel. A loam generally contains from 10 to 25 per cent of 
day, a large proportion of silt and the remainder fine to coarse 
sand or gravel. A sand soil generally contains less than 10 per 
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cent of clay^ a small amount of silt, and a large amount of fine 
to coarse sand. Between clays, loams and sands are many 
gradations such as phases of clay loams, silt loams and sandy 
loams. If a considerable amount of stone or gravel is present 
the soil is called stony or gravelly. Besides these soils there are 
the muck and peat soils containing a high percentage of decay- 
ing organic matter or humus, occuring in swamps and marshes. 

Chemical Composition of the Soil, — The various chemical ele- 
ments occuring in soil are oxygen, silicon, carbon sulphur, hydro- 
gen, chlorine, phosphorus, nitrogen, fluorine, boron, aluminum, 
calcium, magnesium, potassium, sodium, iron and manganese. 
The oxygen hydrogen, carbon, chlorine, and nitrogen get into the 
soil from the atmosphere and the rains assisted by vegetation. 
The other elements are found in the rocks and surface forma- 
tions from w^hich the soils are derived. All the above named 
elements are generally in suflScient quantity to supply the re- 
quired plant food, for crops. Only four of the elements, potas- 
sium, phosphorus, lime and nitrogen are generally considered 
important in the study of the soil fertility because these ele- 
ments sometimes may be either lacking in suflScient quantity, 
or are not in an available form to supply plant food. 

The names adopted for the various soil formations are local 
and have been selected from the names of rivers or townships 
where the soils occur, within this area, and within the area of 
north central Wisconsin immediately to the east. 

The following table gives the approximate extent of the vari- 
ous soils mapped in the area : 



Table LX. — Areas of tJie soils. 




Soil. 


Acres. 


Soil. 


Acres. 


Chplsea loams 


7S8.000 
56(>.000 
482.000 
.341 000 
.328,000 
323,000 
316.000 


Cheteksaady loam 

Cushlnir loam 


230.000 


Hartland silt loam 


21H.000 


Aubu rn loams 


Sterllnsr sand 


189,000 


Baldwin silt loam 


Swamp and marahland 

Milltown Mlt loam 

Thornapi?le sandy loam . . . 
Merldean sandy loam 


160.000 


Rice Lake loams 


69,000 


Colbv' silt loam 


H5.000 


Kennaa silk loam 


44.000 







Of the fourteen soils, {reven are soils derived from the weath- 
ering of glacial drift, and physiographically are upland soils. 
The drift soils include the Colby silt loam, Chelsea loam, Kennan 
silt loam, Cushing loam, Thomapple sandy loam, MiUtown silt 
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loam, and Baldwin silt loam. Other upland soils are the Auburn 
loam, developed mainly as residual soil on the sandstone and 
shale, and the Hartland silt loam developed on the loess. The 
soils which are of alluvial origin and mainly confined to the 
valley bottoms are the Rice Lake loam, the Meridean loam, the 
Chetek sandy loam, and the Sterling sand. Muck is character- 
istic of the marsh and swamp lands. 

BALDWIN LOAMS. 

Area, — The Baldwin loam occupies the central and eastern 
part of St. Croix county, and the adjoining northern part of 
Pierce county, and in general is developed over the limestone 
formations. It embraces a contiguous area of about 550 square 
miles, located in the most thickly populated portion of the region. 

Surface. — In general the surface of the Baldwin loam is 
gently undulating with long gentle slopes. Considerable tracts 
are nearly level in eastern St. Croix county, in the towns of 
Springfield and Baldwin. The surface is gently undulating in 
Hammond, Erin Prairie and Emerald, with occasional lakes and 
ponds. In Oilman, Martell and Plea&ant Valley the land varies 
from gently rolling to nearly level, with gentle slopes character- 
ized by wet lands with poor drainage along the large streams 
and their many small tributaries. These small areas of wet 
lands along streams are found in nearly all the townships. In 
Eau Qalle broad valleys, sloping gently upward to the higher 
land, are characteristic. 

The area of this soil is mainly drained by the Eau Galle, 
Rush and Kinnickinnic rivers. In St. Croix county these 
streams flow through the broad uplands but further south in 
Pierce county they become trenched deeply into the limestone 
formations, first with narrow valleys and then farther south 
with broader valleys widening out to a mile or more. The 
Kinnickinnic river in the town of Kinnickinnic and River Palls 
has a broad valley bottom containing highly developed agricul- 
tural areas. 

While no peat marshes of any size are associated with this type 
a conservative estimate of the area that would be benefitted by 
drainage exceeds 15 or 20 per cent. In the town of Eau Galle 
and Springfield and southern Baldwin considerable areas of wet 
lands are found. Boulders ai*e found in the soil throughout 
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the area. In few eases, however, are the boulders so abundant 
as to interfere st^riously with agriculture. Where the country 
has been opened for settlement some time the stone has been 
hauled off from the cultivated fields. 

Forests. — The Baldwin loam was covered with deoce forest 
in the eastern part of its area, and with meager forests in the 
northwestern part. Jn the densely w^ooded portion the trees 
were mainly hardwoods, consisting largely of maple, white oak, 
black oak, basswood, elm, ironwood and butternut. In the val- 
leys, or wet lands, ash, soft maple and elm predominate. Here 
and there, however, on the upland slopes and in the valleys were 
tracts in which white pine was predominant. A belt, nearly two 
miles wide, between Woodville and Brookville was one of the 
largest of these pine tracts. 

The pine has been wholly cut for several years. Considerable 
stands of dense hardwoods, however, still remain. Most of the 
f)0 per cent of undeveloped land of this soil type in the towns of 
Cady, Eau Qalle and Oilman, is still covered with forest. 

In the towns of Hammond and Erin Prairie and vicinity were 
large tracts covered only with a meager forest growth consist- 
ing mainly of scrub oak, poplar, and hazelwood. These tracts 
were generally known as *^prairiei'' and were the first lands in 
the region to he opened up to agriculture. In a few places only 
are there remnants of these thinly forested tracts. At present 
from 80 to 90 per cent of these thinly forested tracts are under 
cultivation. 

Soil. — In general the surface eight inches of the Baldwin loam 
is a silt loam or loam with sufficient amount of organic matter to 
give it a medieum dark brown color. This type is found over 
a large part of the area of Northwestern Wisconsin, mainly on 
the higher land as distinguished from the areas nearer streams 
and along slopes. 

The subsoil from eight to twenty-four inches is usually a fine 
grained sandy loam. In places the subsoil is bluish in color 
where the underlying limestone is Trenton, and in such places 
it is quite retentive of moisture. At lower depths gravelly ma- 
terial is associated with much of the soil. The peculiar struc- 
ture of the subsoil in places where Trenton shale is present gives 
rise to some imj^ortant problems of drainage which will be dis- 
cussed in another place. Underlying this loam is mainly a lime- 
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stone bed rock. In portions of Pierce county, mainly in River 
Falls and Martell, and in St. Croix county, in Kinnickinnic and 
Troy this limestone is the Trenton formation. In the remainder 
of the area, with a few exceptional areas of sandstone, the under- 
lying rock is limestone of the Lower Magnesian formation. 

There are slight variations of this soil which differ from the 
dominant type just described. 

A portion of the Baldwin soil area has been designated as a 
prairie though it differs essentially from a true prairie in the 
absence of black prairie soil. A true prairie soil contains a rela- 
tively large amount of organic matter, as can be observed by 
the black color of soil to considerale depths of five or twenty 
feet, or even more. This black organic matter represents past 
accumulation of prairie grass and other vegetation that has 
^rown up and accumulated in the soil there to decay during 
long periods of time. Rainfall is an important factor, and also 
topography, in developing a prairie vegetation. When rainfall 
exceeds 25 inches the native vegetation tends more to develop 
light forest growth and consequently less grass vegetation. 

The surface soil on the openings or ** prairie" tracts is me- 
dium heavy loam carrying small amount of coarse gravelly par- 
ticles. It has a grayish to dark gray color with a fair amount 
of organic matter as indicated by chemical analyses. The sub- 
soil becomes somewhat more clayey at about two feet, and is 
usually of yellowish color. The organic content in the surface 
eight inches in the so-called prairie of Hammond and Erin 
Prairie, as sho>\'n by chemical analysis, is practically the same 
as in the heavily forested soil in Springfield and Eau Galle. Be- 
low 22 to 24 inches the soil in most cases becomes somewhat 
gravelly in places but the clay content with it makes the soil at 
the lower depth more compact. 

The content of medium and fine sand in this soil makes it 
fairly loose and open, yet some areas show that tile drainage is 
needed to remove surplus undei^round water. This is especially 
true where the land is nearly level. 

Aside from the marshy tracts, there is perhaps no section 
within this area described in this report where necessity of drain- 
age is of so much importance as in this section. Surface ditch- 
ing would be a considerable help in many areas but eventually 
tile drainage must be resorted to. Up to the present time little 
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has been attempted in the way of tiling. Many fanners are in 
doubt as to the efficiency of tile drainage, fearing that the heavy 
subsoil would prevent downward passage of water fast enough 
or that the tile will fill up and hence be of no value. General 
practice elsewhere has long demonstrated the great value of tile 
drainage. 

In speaJsing of drainage it is the popular notion generally 
that only low lands and marshes are areas most in need of drain- 
age. In this area much of the land requiring drainage is up- 
land, some even on highest table land, where the fall for natural 
drainage would ordinarily be sufficient. The subsoil, however, 
in these wet upland tracts is usually the tenacious lYenton clay 
already referred to. When this clay becomes thoroughly wet 
it is impervious, causing water-logging of soil at the surface. 

The results of mechanical analyses of composite samples of 
the soil and subsoil are shown in the following table : 

Table XL—Mechanical analysis of the Baldwin silt loams. 



No. 

130 
130 
122 
122 
125 
135 



Location. 



Desciip- I PMne 
tioii. Iffravel. 



Soil 



Spiinfirfleld. 

St. Croix Co... 
Sprincrfleld. 

St. Croix Co.. . 
Eau Galle. 

St. Croix Co... 
Eau (ialle, 

St. Croix Co.... 
Erin Prairie. 

St. Croix Co ' Soil.. . 

Erin Pr&lrle, i 

St.Oroix C>o.... Subsoil 



Coarse 
sand. 



Subsoil . 

Soil 

Subsoil. 



.0 
.3 
.0 
.4 
.0 
.3 



6.2 
10.6 
8.8 
9.0 
6.9 
7.9 



Med- 
ium 
sand. 



Fine 
sand. 



5.9 
11.5 

9.11 
11.7 

8.9 
20.0 



9.4 
17.2 
13.1 
15.4 
11.0 
16.4 



Very 

fine 

sand. 



12.8 
11.2 
12.5 
15.4 
15.5 
15.0 



Silt. 



55.4 
38.0 
45.7 
32.5 
48.0 
32.4 



Clay 



9.9 
11.0 
10.3 
15.2 

9.3 
16.0 



Agriculture. — The crops raised are very largely oats, wheat, 
some barley and flax. Wheat is important only in Hammond, 
Erin Prairie, and adjacent territory. Corn is raised mainly in 
western St. Croix and on the uplands in Troy, Kinnickinnic in 
northern Pierce county. In the remainder of area the corn 
acreage is considerably less. The leading exports from the farm 
consist of dairy products and live stock, mainly hogs, beef cat- 
tle, and sheep. The dairy product is mainly cream which is 
usually collected and sent to local creamery, run on a co-opera- 
tive basis. The Baldwin co-operative creamery is one of the 
largest in the state. 
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In Bush River and Pleasant Valley are areas of sandy loam of 
limited extent. This soil with its large area of slopes is well 
adapted to grazing and pasture. The Baldwin loam is well 
adapted for dairying and sheep raising. Fifty per cent of the 
wool raided in northwestern "'Wisconsin is raised on the Baldwin 
soil. Pasture lands are well watered as a rule and retain good 
feeding ground even during dry seasons. Large tracts are de- 
voted to hay, timothy, redtop, and some clovers. 

The grain and hay is generally fed on the farms. Com has 
not been extensively grown but a variety like Wisconsin No. 8 
ought to be tried. The average period of immunity from frost 
is 135 to 145 days in Pierce and St. Croix county. There is no 
question but what corn would mature. Dairy farmers will also 
soon find com silage an excellent feed for dairy stock. More 
attention should be given to proper rotation of crops on this soil. 
Hay fields in which timothy was grown for three to five years 
were common. When this old sod is plowed again the physical 
condition of the soil is far from what it should be. After lying 
so long in sod a good application of farm manure is needed to 
develop sufficient fertility to produce a good grain or com crop. 

A good rotation is to include clover or alfalfa in the rotation 
either alone or with red top and timothy and allow these crops 
to occupy land not longer than two years out of a possible four 
or five year rotation. In connection with growing alfalfa it 
might be mentioned that when farmers have difficulty in ob- 
taining a stand it is due probably to lack in the soil of the bac- 
terial organism which causes the formation of tubercles or 
nodules on the roots. The soil in such cases requires inocula- 
tion from fields where alfalfa is growing. When this is impos- 
sible inoculation by scattering soil from the sweet clover plant 
does equally well. The organisms from alfalfa and sweet clover 
are identical. Sweet clover grows along the roadsides as a tall, 
rank weed with whitish blossom. Around Centerville, and also 
near Beldenville areas of sweet clover were observed. 

Ground limestone at the rate of 2000 pounds per acre will be 
beneficial on many of these soils where soil acidity has devel- 
oped, the acidity being shown by the development of a rather 
healthy growth of yellow sorrel and sheep sorrel. When ground 
limestone is unobtainable, unslaked lime will do equally well. 

The application of limestone and phosphate fertilizer where 
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needed together with the very general growing of leguminous 
crops and the application of stable manure applied directly from 
the stable and a proper rotation of crops will maintain fertility 
of the soil as well as insure profitable crop yields. 

The so-called '* openings*' or *' prairies'* in Hammond and 
Erin Prairie have been and are still the most important grain 
raising sections in the region. When first opened to agriculture, 
wheat was about the only crop harvested and sold from the farm. 
About 1890, however, a change came about and less wheat was 
soHTi, partly due to decreace of yield and partly to ravages of 
the chinch bug. During the last 15 years there was a tendency 
to grow more of the other grains and a rotation including oats, 
barley, and wheat in order named became the system. At pres- 
ent this order of farming still applies to the town of Erin and 
to a smaller degree elsewhere. At present the tendency else- 
w^here is away from the exclusive grain farming and towards a 
diversified farming instead. Corn is becoming more important 
and stock is raised for dairy and beef purposes. 

The farmers have learned from experience that an exclusive 
grain farming system which does not involve the return of abund- 
ant fertilizing material during course of rotation, has lowered 
the yield per acre so much that in some instances the crop did 
not pay for the labor expended in caring for it. With a more 
systematic rotation, including the more general growing of clover 
and application of farm yard manures the yield per acre has 
been perceptibly increased. 

The ideal system of farm practice requires the keeping of 
considerable stock and the maintenance of a balanced system of 
rotation of crops in which some grains, wheat or oats, flax, etc., 
and clover would be included. The farm products exported 
would consist mainly of cream, butter, or fat stock. Even when 
grain is largely the important crop exported, the fertility of the 
soil and production per acre can also be maintained. Such a 
system would involve a rotation of crops in which clover would 
occupy land at least one-quarter of the rotation period, and a 
generous application of manure and lime or phosphate occa- 
sionally when needed. Where grain raising is the principal in- 
dustry and where, as shown by experimentation, a phosphate 
fertilizer is needed to increase the yield the phosphate should 
be applied to the soil in combination with stable manure. The 
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manure will aid greatly in making the phosphorous available. 
The organic matter in the soil also acts similarly to manure in 
gradually liberating the phosphorous in the fertilizer. Where 
the phosphate fertilizer is found to be beneficial, applications of 
about 1000 pounds of ground rock phosphate per acre followed 
])y lighter application of 200 to 300 pounds during each rotation 
period is generally found to be sufficient. The supply of nitro- 
pr-n to the soil can be maintained as already stated by the growth 
of leguminous crops. 

Land Values, — The usual price of improved land on this soil 
type is $60 to $100 per acre, and occasionally higher prices. As 
a rule farms devoted to grain raising bring lower prices than 
those devoted to dairying and stock raising. 

COLBY SILT LOAM. 

Area. — This soil formation occupies a large part of Barron 
county, with small areas in adjoining counties. In Chippewa 
county in the vicinity of Stanley and Boyd is a considerable 
area of this soil formation. This soil has an area of 525 to 550 
square miles, 85 per cent of which is within Barron county. It 
has also a wide extent farther east, in Clark, Taylor, Marathon, 
and Wood counties, as described in the report on the soils of 
North Central Wisconsin. 

Surface. — The surface of this soil is gently rolling and undu- 
lating. See Plates VI and VII. Somewhat hilly areas are found 
adjacent to streams and rivers, as for example along the Hay 
river and Turtle creek, where tracts nearly one-half mile in 
width are quite broken and uneven. As a general rule, however, 
none of this land is too hilly for cultivation. The soil is gen- 
erally well drained, and within its area lakes and swamps are 
very rare. 

In many instances the very gently sloping fields would be 
benefited by tile drainage. While the character of the subsoil 
is generally favorable to natural underdrainage, yet there am 
exceptions where the soil remains too wet and cold during the 
RTowing season to develop good crops and in these cases tiling 
or other methods of farm drainage should lie practiced. 

Forests. — This soil was formerly forested with a heavy stand 
of mixed timber including maple, basswood, oak, with some elm 
and ash among the hardwoods, and white pine, hemlock, and 
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some balsam. The pine was cut first and practicallj none re- 
mains at present. Among the hardwoods, considerable tracts 
of maple, basswood, and elm are found throughout the entire 
area. 

Soil, — The soil of this formation to a depth of eight inches is 
a silt loam. It contains enough silty material to make it a quite 
friable and open soil. Some boulders and coarse material are 
associated with it. The subsoil is yellow to buflE colored silt 
loam that becomes slightly more clayey with depth. Both sur- 
face and subsoil are quite uniform in physical character. 

The following table gives the results of mechanical analyses 
of the soil and subsoil of this type : 

Table XII. — Mechanical analyiu of Colby iilt ham. 



No. 


Location. 


Descrip- 
tion. 


Fine 
jrravel. 


Coarse 
sand. 


Med- 
ium 
sand. 


Fine 
sand. 


Very 

fine 

sand. 


Silt. 


Clay. 


154 
154 
119 
119 


B-^rron Co 

Barron Co 

Chippewa Co.... 
Chippewa Co.... 


8oll 

Subsoil. . . 

Soil 

8ubsoii... 


.1 
.0 
.0 
.0 


3.2 
3.2 
2.5 

0.6 


4.0 

4.7 

1.6 

.5 


3.6 
3.2 
3.3 

.7 


12.6 
19.7 
20.3 
20.6 


61.9 
51.2 
58.7 
63.5 


13.6 
17.4 
13.7 
14.0 



The Colby silt loam is a glacial drift soil derived from the 
weathering of the old drift formations. The material of the 
drift consists of clay, sand, and boulders from the crystalline o.' 
granite formation and sandstone. The soil is free from debris 
derived from limestone formation, and in this regard diflPers 
from the Baldwin loam which contains much limestone material. 
While the Colby silt loam generally contains suflScient lime de- 
rived from the weathering of crystalline formation the content 
of lime in the soil water and in the soil itself is probably gen- 
erally lower than in soils developed upon limestone drift. An 
acid condition, however, of this soil is of rare occurrence, at 
present, though acidity may develop later. 

The soil bears well, is naturaly well drained on account of its 
rolling surface and works up easily as a rule. It is one of the 
most fertile eoils of northern Wisconsin. It is not known to 
pack or become puddled after heavy rains. At the present time 
less than one-half of the land in farms is under cultivation, but 
the clearing of land for agricultural purposes is going on rapidly. 

Agriculture. — ^Dairying is the leading industry on this soil 
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type at present and will probably continue to increase in im- 
portance as the land is brought under the plow. The soil is 
especially well adapted to live stock. The tract furnishes 
abnndant pasturage, and springs and streams afford plenty of 
water. Clover and other tame hay produce excellent yields. 

Oats are the leading grain raised. Barley and wheat are 
grown to a small extent and give good yields. Com has not 
been raised extensively on this soil, though both soil and climate 
are favorable. A large acreage is devoted to pasture, clover, and 
timothy. Potatoes are a good crop for export. Sugar beets 
and other root crops are grown quite extensively. The acreage 
of com should be increased not alone for its value as silage and 
grain, but also for its value as a rotation crop with oats and the 
grasses. 

Land Values. — The prices at which improved land is held 
varies from $60 to $100 per acre. Uncleared land of this type 
is generally held at $15 to $25 per acre. Good stands of timber 
still remain on lai^e tracts of this soil type. 

KENNAN SniT LOAM. 

Area. — The Eennan silt loam lies in the northeastern part of 
Chippewa county and over a large part of Rusk county. It is 
mainly the gently undulating ground moraine area of the latest 
drift sheet. This soil type extends over a large portion of Price, 
Taylor and Lincoln counties as described in the soil report of 
North Central Wisconsin. 

Surface Features. — The surface of the soil is generally rolling 
or slightly undulating with here and there, throughout the area, 
broad stretches that are quite level. Nearly all of the soil can 
be brought under cultivation. Large swamp and marsh areas 
are prominently associated with this type in portions of Rusk 
county. Nearly one-fourth of some of the towns in Rusk, as 
indicated on the soil map, are marsh and wet soil. The tract is 
drained mainly by the Chippewa and Flambeau rivers. See 
^ap of eastern part of Busk county, figure 16. 

Native Forest. — ^This silt loam developed some of the finest 
stands of hardwoods in the state. Pine was not relatively abund- 
ant, but considerable hemlock was interspersed with the hard- 
wood. Cedars are common along low river areas. 
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At present but little of the orig^inal forest remains. Th*^ 
pine has been wholly removed, and at present the hemlock and 
hardwoods are being rapidly cut out. Forest fires have caused 
much damage in places. The wooded section of northeastern 
Rusk county suffered especially from wind storms, at an early 
date as indicated by numerous tracts of windfalls. Large mills 
for sawing hardwood and hemlock are located at Atlanta, Lady- 
smith, Ingram, Hawkins, Ruby, and Arnold. 



fl-4.-W. 



nt-Mt. 




T-l«-fi 



KCNNAN S)LT LOAM 



SWAMP LAND 



^M-H 



FiQ. 10. — Soil map of northeaatem Rusk county. 



Soil. — The surface soil to depth of eight inches is a silt loam, 
somewhat grayish in color and quite free from stone. The sub- 
soil is silt loam, carrying considerable clay. As shown by me- 
chanical analyses most of the soil is very fine sand, silt and clay. 
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Both surface and subsoil are quite uniform over the area. Some 
stone occurs in the soil and in some places interferes with agri- 
culture. These stony areas are found in low places or bordering 
marshes, and in a few cases on the uplands. Some of the soil 
on the gentle slopes will require tile drainage to get the best 
crop results. 

The results of the mechanical analyses of samples of the Foil 
and subsoil are shown in the following table: 



Table Xill. — ^feehar,ical analyst% of Kennan »iU ham. 



Xo. 


1 


Fine 
gravel. 


Coarse 
■and. 


r 

Me- ' ^ 
dlum : f^np 
sand. ; »»nd. 

1 


Very 

fine 

saud. 


Silt. 


Clay. 


120 
1(A 


Chippewa Co 

Chippewa Co 

Riuk Co 


Soil 

Subsoil... 

Soil 

Subsoil... 


.0 
.0 
.1 
.2 


2.5 

.7 

2.3 

1.9 


1 8 

.7 

2.4 

2.2 


3.0 
1.3 
4.0 
3.6 


18.5 
29.1 
12.1 
2S.1 


eo.3 

5S.6 
.W.7 
S6.3 


14.7 
15.4 
11 2 


105 


Ru»lc Co 


11 5 









Agnculture. — This soil area is opening up and developing 
rapidly into a typical dairy section, for which purpose it is well 
adapted. The gra&ses grow exceptionally well, especially clovers, 
timothy, and red top. The many streams furnish abundance of 
water for stock. Common wells 15 to 30 feet deep furnish a 
supply of water for the home. Blooded stock is being intro- 
duced, Holsteins and other dairy types being most prominent. 
Sheep have been introduced and pay well. 

Small grains such as oats, and barley yield abundantly, the 
yield of each being 30 to 40 bushels per acre. Com has not 
been grown to a large extent. With the increase in the dairy 
industry more com, especially for ensilage, will be grown. Spe- 
cial crops like seed peas for canning purposes have been found 
to do well on this soil. A large farm in southeastern Rusk has 
been developed for growing peas for seed and canning purposes. 
The common pea could be succe.-sfully raised for fattening hogs 
and other stock in place of com. 

In Chippewa county tobacco has been grown successfully on 
this silt loam soil. The acreage of both the tobacco and pea 
crops will be materially increased in these counties in the future. 

The chemical analysis of a sample of virgin soil collected from 
northwestern Chippewa county shows that the soil is well sup- 
plied with essential plant food elements. This should not be 
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taken however, to indicate that excessive grain cropping with- 
out proper attention to rotation can be practiced on it. The 
present up-to-date agriculturist should profit by the experiences 
of others in the past and maintain the fertility of his soiL 

The Kennan clay loam is very largely wild land, either thickly 
forested with hardwoods of cut-over land. Probably less than 
5 per cent of this soil in Chippewa county is under c rltivation 
and less than 3 per cent in Busk. 

The cost of clearing this land ranges from 15 to 30 dollars 
per acre, depending upon the amount of slashing and stumpage 
found on it. The wood not fit for lumber is usually sold as 
fuel to the paper and saw mills and the profit received from this 
source helps considerably to defray cost of clearing the land. 

Lamd Values. — The wild land, with little or no merchantable 
timber,' is generally held at $10 to $20 per acre, depending on 
location and accessibility. Cleared farms, with buildings, are 
generally held at $50 to $80 per acre. 

CHELSEA LOAMS. 

Area, — ^The Chelsea loams form a belt of considerable width 
in northeastern Chippewa county, western Rusk county, north- 
western Barron county, and a large portion of Polk county. 
This soil type, as defined, consists essentially of undulating ter- 
minal moraine of the latest period of glacial drift. The Chelsea 
soil covers a large area farther east, in Taylor, Lincoln and 
Langlade counties, as described in the soil report of North Cen- 
tral Wisconsin. 

Surface Features. — ^Because of the manner in which this soil 
type was formed, as glacial moraines, considerable variation in 
the surface features have developed. In general, the land is 
imdulating with belts of low ridges and billowy hills, associated 
with basin-like depressions, swamps and small lakes and ponds. 
See Plate VJJl. Here and there, throughout, are stretches of 
more level areas. The hilly land is. usually more stony than 
the level areas, the latter usually being either more sandy or 
more clayey than the former. 

In western Busk and eastern Barron counties are relatively 
high uplands consisting of hard quartzite formations. On the 
slopes of these ridges there is usually much loose stone. Flam- 
beau Ridge in northern Chippewa county is a prominent feature 
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of the topography. In the west central part of Polk county are 
broad upland areas of trap rocks, showing abundant outcrops 
of rock ledges. 

Native Forest. — The Chelsea loam was originally covered with 
a den&e growth of hardwoods, hemlock, and pine. Practically 
all the pine has been cut for a number of years. Large bodies 
of hardwoods and hemlock, however, still remain. The hard- 
woods were chiefly maple, oak, birch, basswood, and elm. The 
amount of hemlock was generally equal to or greater than the 
combined hardwoods. 

On the lighter phases of the soil, some scrub oak was devel- 
oped. In the swampy and wet tracts, spruce, ash, soft maple, 
and ash are common. 

Soil, — The Chelsea loam varies from a sandy to silty loam 
in the surface eight inches, wuth a somewhat heavier subsoil of 
loam from eight to thirty inches. The surface soil is grayish to 
medium dark in color, and the subsoil lighter colored. The soil 
is not uniform over the area as mapped, but varies from a 
sandy loam to silt loam. 

The soil is derived from the weathering of glacial material, 
consisting of sand, clay, and boulders of crystalline and sand- 
stone formations. No limestone material occurs in the soil. 

A detailed soil map of the area should show a complex asso- 
ciation of sandy loam and silt loam type of soils. In some 
places the heavier silt loams prevail, in other places, the sandy 
loams. 

The surface feature of the soil as already described are uneven 
and undulating, and the variation in the physical texture of the 
soil, is strongly influenced by the topography. 

Stone and boulders are a common occurrence in the soil. Oen- 
erally the stone is found in narrow belts and patches, and occa- 
sionally becomes a serious handicap to the development of agri- 
culture. The low marshy areas are often quite stony. 

The mechanical analysis of the soil is shown in the following 
table: 



50 



HOIL SURVEY OF NORTHWESTERN WISCONSIN. 



Table XIV. — Mechanical analyHs of Chelsea ham. 



No. 



Location. 



140 Polk Co. 
140 , Polk Co. 
136 Polk Co. 



Descrip- 
tion. 


Fine 
ffravel. 


Coarse 
sand. 


Me- 
dium 
sand. 


Fine 
.sand. 


Very 

fine 

sand. 


Silt. 


Soil 

Hubaoll... 
Soil 


0.1 
.0 
.2 


5.7 

3.3 
7.4 


4.0 
3.2 
4.3 


4.0 
3.0 
4.2 


19.4 
27.2 
14.2 


53.6 
46.3 
57.3 



Clay. 



12.8 
16.8 
11. H 



Agriculture, — 'The soil is well adapted for certain lines of ag 
rieultural development. Chief among these is dairying together 
with sheep and stock raising. The rougher and more hilly por- 
tions are admirably adapted for grazing purposes. In some 
few localities sheep aud goat raising has already assumed im- 
portance. In the newer sections sheep and young stock will be 
found profitable while the cultivable areas are being cleared for 
the plow. 

Dairying is now the most important industry and will become 
more important in the future. Several factors are strongly fav- 
orable to dairy farming on this soil. In the first place, pas- 
turage, as stated above, is abundant, and all grasses thrive 
readily. Clovers, timothy, and alfalfa do exceptionally well 
for hay crops. 

Oats are the principal grain crop, the average yield being 
about 40 bushels per acre. Barley and wheat are raised to 
some extent. The acreage of corn has markedly increased dur- 
ing the last 10 years, being more than double that of 10 years 
ago. The average yield per acre of wheat is about 15 bushels, 
of rye 16 bushels, of barley 30 bushels, and com 40 bushels. 
The yield of hay is generally from one and one-half to two tons 
per acre. Excellent potatoes are grown, the usual yield being 
100 to 150 bushels per acre. 

The grains and forage crops are generally fed on the farms 
instead of being marketed. Concentrated feed stuffs are pur- 
chased besides, especialy where the dairy business is continued 
throughout the year. 

If the dairying system of farming continues in its rapid de- 
velopment, the question of maintaining the fertility of the soil 
will be easily solved. A low stage of fertility like that which 
tends to be developed by excessive grain cropping, is not likely 
to be developed on farms where much stock is raised and where 
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the return of plant food to the soil is made in the form of bam 
yard manure. 

Only 8 small percentage, probably less than 5 per cent, of this 
soii type in Chippewa, Rusk and northeastern Polk counties is 
opened to agriculture. Part of the uncleared area is still cov- 
ered with dense forests, and part of it is cut-over land. Most 
of the unsettled area is as good for agricultural purposes, as that 
which has already been brought under the plow. 

Land Values, — The land still unopened to agriculture, is held 
at various prices, varying from $8 to $15 per acre, the price de- 
pending on location, amount of merchantable timber, etc. 
Cleared land generally sells for $40 to $60 per acre, depending 
on the character of the farm buildings. As already described, 
the soil of this type and its surface features are quite variable, 
and nearly all farms are likely to contain some land of relatively 
low agricultural value with the land of very good character. 

MniiTOWN LOAM. 

Area, — The Milltown loam is mainly within Polk county, oc- 
curring in bodies of considerable extent in the region about Mill- 
town, Centuria, and Sand Lake; farther east in the southern 
part of the tOA\Ti of Georgetown is a large body and also a con- 
siderable area in the region about Joel and Range ; there is also 
a small body in the town of Farmington. The totiil area of this 
type is about 110 square miles. 

Surface, — The surface varies from level to slightly imdulat- 
ing, containing depressions or basins, some of which are occu- 
pied by lakes, ponds, and small marshes. The topography is 
the characteristic * Spitted plain'* topography of glacial drift 
areas. The depressions and basins, however, occupy only a 
relatively small proportion of the tract, most of the land being 
nearly level to slightly rolling, see Plate IX. 

Native Forest. — The soil was originally covered with dense 
hardwoods, with ^onie pine and hemlock. The hardwoods were 
mainly, maple, birch, oak, elm and basswood. Some poplar and 
pine grew along the streams. The pine has been wholly cut 
and most of the hardwoods have been removed. Practically all 
of this land is set off into farms and probably 40 to 50 per cent 
of the land is now under cultivation. 
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SoU. — The surface four to eight inches of this soil is generally 
a fine, sandy loam or loam, grayish to brownish in color. The 
subsoil is grayish yellow loam, quite similar in texture to the 
surface soil to a varying depth of one to three feet, at which 
depth much sand and gravel is often met with. The mechanical 
analysis shows this soil to consist largely of very fine sand and 
silt. In some places the soil is quite stony, the stone being 
glacial boulders mainly of granite rock. Like all other glacial 
soils in the area the type contains a variable amount of gravel 
in the soil, the gravel being more abundant in the subsoil than 
in the surface soil. The material of the drift consists wholly of 
granite and sandstone material mixed with silty clay, and sand. 
The subsoil conditions are favorable to good underdrainage and 
the surface soil is capable of holding sufficient soil moisture, for 
all crops, with the ordinary rainfall. The type is an easy one 
to cultivate, and on the whole is one of the most fertile soils in 
the region. It has already developed into one of the most thrifty 
agricultural sections of Polk county. 

The results of mechanical analyses of a sample of the soil and 
subsoil is shown in the following table : 





Tablb XXIX. MecTianical anaiytii* of MUltawn loam. 






No. 


Locality. 


Descrli>- 
tion. 


Fine 
ffravel. 


Coarse 
sand. 


Med- 
ium 
sand. 


Fine 
sand. 


Very 

fine 

sand. 


Silt. 


Clay. 


146 


Polk Oo 


Soil 

Subsoil... 


.0 
.0 


7.7 
9.9 


9.9 
12. B 


14.2 
17 4 


23.9 
22.0 


36.0 
24.7 


8.0 


146 


Polk Co 


13.2 









Agriculture, — The Milltown loam is well adapted to diversi- 
fied farming and is now quite generally devoted to dairying and 
grain raising. The leading grain is oats, with a much smaller 
acreage of barley, wheat, corn, and rye. The avera^ yield of 
wheat is 18 to 22 bushels per acre, of oats 40 to 50 bushels, 
barley 35 to 40 bushels, and com 30 to 35 bushels. The yield of 
hay is generally 1% to 2 tons yer acre. The acreage to potatoes 
is relatively small, the usual yield being 100 to 150 bushels per 
acre. 

Dairying is the leading industry on this type of soil as it is 
on all the soils throughout Polk county. The value of dairy 
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products from the farm on thia type is more than that of the 
grain crops raised. 

Stock raising is also important, the principal stock sold from 
the farm being cattle and hogs, with sheep relatively unimpor- 
tant. 

The principal dairy product is creamery butter, though cheese 
is the principal product in the Farmington area. The cream is 
quite generally separated on the farm. Besides supplying local 
creameries, large shipments of cream and milk are sent to St. 
Paul and Minneapolis. 

This soil type is well adapted to dairying. Silos are common 
and indicate a progressive dairy system. The grade of dairy 
stock is gradually being improved, but more attention should be 
paid to this subject, and more rapid improvements made. The 
improvement of dairy stock is very important and is well worth 
the closest attention by the farmer. 

The practice of extensive dairying on this type has kept up 
the soil to a good grade of fertility as is shown by the good 
)dclds of grain. 

Land Values, — The farm lands on this type are of good value. 
Unimproved land is generally held at $20 to $30 per acre. Im- 
proved land is usually held at $60 to $80 per acre. Most of the 
land of this type has already been divided into farms, though 
a large percentage of the farm area is still uncleared. 

THORNAPPLE SANDY LOAM. 

Area. — The Thomapple sandy loam is mainly within Rusk and 
Chippewa counties, the largest area mapped being in the town 
of Thomapple, Rusk county. It is typically developed on the 
so-called "Peninsula" between the Flambeau and Chippewa 
rivers. The boundaries fixed for this soil formation on the map 
are only approximate. Within those soil areas as mapped are 
several phases of sandy loam«, but owing to the fact that largo 
portions of this area are not well settled, exact boundaries could 
not be located with any degree of accuracy. 

Surface Feaivres. — ^While in a general way the surface of this 
soil is nearly level to undulating, there as areas which are hilly, 
having a sort of choppy appearance. The uneven tracts are 
characterized by small knob-like elevations and some depres- 
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sious. Marshes and lakes are common features within the gen 
eral area of this soil. 

The surface of this soil was determined largely by the ice 
which moved over this tract. The erosion by streams thus far 
has not caused much change in the original topography left 
after the deposition of the glacial drift sheet. 

Forest, — Most of this soil was originally covered with forest 
trees, consisting mainly of black oak, and white pine. Within 
the general area are ridges of heavier soil which developed good 
stands of hardwoods. The heavy pine timber has been cut, and 
aside from a few hard wood ridges yet remaining, the area is 
now mainly covered with a thicket of poplar, birch, small oak, 
and pin cherry. On the level areas where the soil is sandier, 
thick brush and sweet ferns are common. 

Soil, — ^Both the surface soil and subsoil are sandy loam, con- 
sisting of a large proportion of fine to coarse sand and a small 
proportion of silt and clay. The surface soil to a depth of six 
or eight inches contains sufficient organic material to give it a 
medium dark to grayish color. The subsoil is light colored, 
grayish to yellowish, and consists mainly of eand with a little 
clay to a considerable depth. 

The results of the mechanical analysis of the soil and subsoil 
arc shown in the following table: 

Table XV. — Mechanical analysh of Thornapple sandy loam. 



No. 



164 
163 
163 



> 

T^vfttinn ' n«scrip- Fine 
Location. . ^jQ„ travel. 

1 


Coarse 
sand. 


Me- 
dium 
sand. 


Fire 
sand. 


Very 

fine 

sand. 


Silt. 


Clay. 


1 
RuskCo ; Soil 1.1 


28.2 
15.1 
13.6 


22.7 
23.5 
23.3 


15.7 


5.6 


20.3 
13.6 
14.6 


6.5 


Rusk Co 1 Soil 1 

KuskCo , Subsoil... .4 


3 '.8 
33.8 


11.1 

10.1 


5.P 
4.6 



There are s-light variations from the general type. The level 
stretches along the rivers are nearly flat, mostly pine land, and 
the soil contains much coarse sand. Over the undulating areas, 
j-ome stone occurs and there is a larger proportion of fine sand 
and silt in the soil, and hardwood forest mixed with the pine 
was developed. 

Agriculture. — The soil is well adapted to dairj'ing and to the 
raising of such grains as oats, Imekwheat, and barley. Com 
has been raised and matured successfully. The soil may be 
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worked earlier in spring than the heavier soils and is not apt to 
be cold in spring months when corn wants a warm seed bed. 
There is, however, some danger from drought on sandy phases 
during dry season on account of porous nature of the soil. 

Tobacco and potatoes are grown with good results. Clover 
hay yields plentifully. Alfalfa and mammoth clover should be 
grown on this soil. So far little has been attempted in the way 
of growing alfalfa and other special crops. 

Only a small percentage of the area of this soil is now under 
cultivation. The farms already developed are in a thrifty con- 
dition and prove the soil well adapted to general agriculture 
with dairying and potato raising as the principal industries. 

Land Vahies. — The open land is more easily cleared than thp. 
dense hardwood areas. The wild land is generally held at $10 
to $20 per acre, and the cleared land generally from $40 to $60 
per acre. 

GUSHING LOAMS. 

Area. — The Gushing loams lie in Ihe western part of Polk and 
St. Croix counties. They lie wholly within the area of the un- 
dulating terminal moraines of the latest drift sheet. 

Surface. — The surface of this soil is more or less hilly, with 
low hills associated with depressions, lakes and ponds. The 
topography is the characteristic terminal moraine topography, 
with abrupt basins and steeply sloping ridges. Surrounding 
many of the lakes, and also adjacent to streams are many small 
marshes, most of which are too small to be shown on the map. 

Throughout the area, are many nearly level areas which are 
usually either quite sandy or quite clayey. Stone and boulders 
are more common in the uneven lands than over tVie level tracts, 
but some of the low and marshy tracts are also stony. The 
stones are not usually so abundant as to interfere seriously with 
agriculture. 

Native Forest. — This soil was quite generally covered with a 
dense growth of hardwoods, pine, and hemlock. As'elsewhere in 
this region, the pine has been wholly cut. The hardwoods and 
hemlock remain only in isolated tracts. The hardwoods were 
chiefly maple, oak, elm, birch, and bass wood. On the lighter 
phases of the loam the white pine predominated, while on the 
heavier soil the hardwoods were most abundant. 
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SoU, — The surface eight inches of this soil consists generally 
of a loam. From eight to twenty-four inches the subsoil becomes 
more clayey and also carries a larger content of gravelly ma- 
terial than the surface soil. 

This soil, however, varies considerably both in the surface and 
subsurface layers. Some tracts contain a large percentage of 
medium and fine sand and are a sandy loam. These sandy 
areas are usually rolling though in some places adjoining stream 
bottoms the surface is more nearly level and also more sandy. 

The soil is derived from the weathering of glacial drift in 
which limestone debris is generally an abundant constituent. 
This soil area therefore is confined to that part of the region con- 
taining limestone bearing drift, or is within the general area in 
w^hich limestone is the prevailing underlying rock. 

A large area of hilly, sandy loam occurs in the town of Somer- 
set in St. Croix county and around Dresser Junction in Polk 
county. 

Another variety of soil with a high content of clay and silt 
occurs in patches here and there within the tract mapped as 
Gushing loam. These areas are less undulating and somewhat 
stony in places but are generally well improved. In Polk 
county, southwest of Clayton, in Black Brook, and in Alden, 
south of Little Falls, are areas of these heavy loams. In the 
preliminary soil mapping done here neither the sandy nor the 
clayey phases of the loam have been separated from one another. 
To do so with any degree of accuracy would require a very de- 
tailed survej'. 

Tablb XVI. — Mechanical analyHs of Cushing loams. 



No. 



13S 
138 
142 
142 
151 
151 
127 
127 



Location. 


Descrip- 
tion. 


Fine 
firravel. 


Coarse 
sand. 


dlum 
.sand. 


Fine 
sand. 


Ver.v 

fine 

sand. 


Silt. 


Clay. 


PolkCo 

Polk Co 

Polk Co 


Soil 

Subsoil... 

Soil 

Subsoil... 

Soil 

Subsoil. . . 

Soil 

Subsoil... 


.0 
.1 
.t 
.5 
.1 
.0 
.5 


5.1 
5.7 
9.5 
6.9 
12.0 
13.2 
9.6 
8,4 


4.7 
5.4 

9.3 

8.6 
15 4 
12 9 

8.0 

7.8 


160 

6.4 

18.3 

18 2 

16 2 

14 2 

9.5 

8.8 


11 2 
18.9 
25.4 
21.8 
10.7 
13.4 
21.8 
24.5 


02.5 
45.5 
2K.5 
26.4 
35.8 
31.3 
4?.3 
38.2 


10.4 

17.8 
10.2 


Polk Co 


17.6 


Polk Co 


8.9 


PolkCo 


14.4 


St. Croix Co 

Si. Croix Co 


6.4 
13.8 



Agricnlfurc. — The Cushing lonms are well adapted to general 
agriculture. They are especially well adapted to dairying and 
stock raising. The summer rainfall is usually abundant and 
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grains and hay do exceptionally well. Sheep raising is quite 
important in the towns of Alden and Black Brook. Dairying 
is now the leading industry and will probably increase in im- 
portance in the future. Clover, timothy, and alfalfa do excep- 
tionally well for hay crops. 

In portions of southeast Polk county hay is sold at present in 
large quantities from the farm3. It is usually baled directly 
from the field or from .stacks later in the season. This system 
of selling hay from the farm is not altogether conunendable 
unless concentrated feed for stock is imported. The better way 
id to adapt the farm practice so that the hay and forage crops 
are fed directly on the farm and the dairy product and live 
stock sold. This system of farm management of course, would 
require more work and skill, but on the other hand, the fertility 
of the soil could be maintained and increased by the application 
of manure from the stock, and the value of the farms increased. 

The distance from market should ako be considered in adopt- 
ing systems of farming. Long hauls over heavy roads has the 
tendency to reduce farm produce to as concentrated a form as 
possible. For this reason, many farmers' co-operative cream- 
eries have been established. In southern Polk fewer creameries 
have been organized than cheese factories. 

Oats are the most important grain crop and the average yield 
is 35 to 45 buehels per acre. "Wheat is grown quite extensively, 
the yield on the heavier loams with high content of limestone 
being 18 to 20 bushels per acre, while on the lighter sandy loams 
the average yield is about 15 bushels. Barley on the heavier 
hmesstone soil generally yields about 30 to 35 bushels per acre, 
and on the lighter sandy soil from 25 to 30 bushels. The corn 
crop is about as abundant as wheat or barley, the usual yields 
being from 30 to 35 bushels per acre. In Farmington and 
Osceola considerable corn is grown for silage. The potato is 
also an important crop, the usual yield being about 100 bushels 
per acre. The yield of hay is about one and one-half tons per 
acre. 

Land Values, — The area of this soil is fairly well settled and 
a relatively large proportion of the land, probably 25 to 35 per 
cent, is under cultivation. Uncleared land is generally held at 
$15 to $25 per acre, and cleared land at $50 to $80 per acre. 
Quite often, however, farms well located and in a high state of 
caltivation are sold for more than $80 per acre. 
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RICE LAKE LOAM. 

Area, — The Rice Lake loams are in bodies varying from five 
square miles to twenty square miles in extent, and are located 
in nearly all the counties of this area. The largest continuous 
tracts occur in the vicinity of Rice Lake and Barron in Barron 
county, and about Rusk in Dunn county. Another large area 
is in southwestern St. Croix county. East of Hudson this soil 
area is known as Hudson Prairie, north of Richmond as Star 
Prairie, near Chippewa Falls as Eagle Prairie and west of Eau 
Claire as Truax Prairie. Other small areas occur as indicated 
on the map. The total area includes about 328,000 acres. 

Surface. — The soil is confined to the valleys, and is typical 
valley bottom land. The surface of this formation is uniformly 
level, with some portions quite flat. See Pig. 1, Plate X. Here 
and there small depressions may be found, some of which are 
occupied by small lakes. Some marshes and wet land are asso- 
ciated with this type, but the marshes are usually small and are 
not indicated on the map. 

Forest. — Tn the area about Rice Lake in Barron county and 
about Eagleton in Chippewa county there was a rather dense 
growth of mixed hardwoods and pine. The hardwoods were 
mainly maple, oak, elm, and some basswood. Besides the white 
pine, there was some Norway pine and hemlock. 

Farther west in Dunn and St. Croix counties, the native vege- 
tation consisted largely of a light i^tand of scrub oak poplar, 
some birch and pine. In most cases the clearing of this thinly 
forested land was a comparatively easy matter for the early 
settlers. 

Soil. — The Rice Lake loams vary from a fine sandy loam and 
loam to silt loam. IMost of the soil, however, is a fine sandy 
loam or loam, and only in a small proportion of the area is silt 
loam. See Fig. 2, Plate X. 

In general the surface eight inches is a loam carrying sufficient 
organic matter to produce a medium dark color. The subsoil is 
a .saridy to silty loam to a depth of 1 to 3 feet, grading into 
gravel and sand. In places the gravel and sand subsoil lies very 
near the surface, less than a foot of loam overlying it. The 
surface soil also shows some variations, and grades from dark 
sandy loam to a brown, silty loam. 
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This soil about Rice Lake and Barron, in Barron county, and 
in the area about Eagleton and Bloomer in Chippewa county, 
lontaijis small areas of the heavier silt loam, but much the larger 
proportion in thc:e localities is a fine sandy loam or loam. In 
eastern Eau Claire county in the valleys of Thompson's Creek, 
and Bear Grass Creek, silt loams piedominate while in the val 
h-\>. farther west fine sandy loams are the prevailing type. Silt 
loams aho predominate in the ^mall valleys on the west side of 
the Eau Galle river in the town of Eau Galle and Weston in 
Duiin county. Outside of the localities referred to, the soil 
mapped as this type is a fine sandy loam or loam. 

The results of the mechanical analj'Ses of the soil and subsoil 
are shown in the following table : 

Table XVII. — Mechanical analyaii of Rice Lak$ loams. 



No. 



\% 

124 
124 
155 
155 
157 
157 



Ix>caltty. 



Chippewa Co 

Chippewa Co 

Dunn Co 

Dunn Co 

St. Croix Co 

St. Croix Co 

Barron Co 

Barron Co 

Kau Claire Co.... 
Eau Clatre Co.... 



Descrip- , Fin« 
lion. jf ravel. 







Soil 


.2 


Subsoil... 


.3 


Sou 


.4 


Subsoil... 


.4 


Soil 


.3 


Subsoil... 


.0 


Soil 


.3 


Subsoil... 


.2 


Son 


.2 


Subsoil. . . 


.0 



Coai>«» 
santl. 



12.5 
11.3 
18.0 
1J.9 
11.9 
11.5 
20. 
20.1 
3.5 
2.4 



Me- 
dium 
sand. 



n.4 


11.9 


14.3 


14.3 


9.8 


9.d 


14.9 


14.7 


0.5 


4.3 



Fine 
sand. 



9.1 

10.4 

10.0 

12.1 

9.0 

8.9 

9.1 

11.3 

8.1 

5.4 



Very 
fine 
' sand. 



7.2 

5.7 

9.6 

1<5.4 

13.9 

18.9 

4.0 

8.8 

10.5 

10.1 



Silt. 



4C.8 
47.1 
32.3 
29.8 
35.2 
33.5 
30.3 
28.7 
59.2 
64.0 



Clay. 



12.4 

13.2 

14.8 

15.1 

19.3 

17.3 

14.2 

15.4 

11. 9 

13. 8 



This soil is uniformly free from boulders, and practically all 
of it can be brought under cultivation. It is very largely under 
improvement in many of the areas. The dark sandy loams like 
that of Rusk Prairie and Hud:On Prairie were easily brought 
under the plow and have long been under cultivation. The 
heavier phases of the soil do not contain a very high percentage 
of clay and are not sticky when wet and do not bake w^hen dry. 
Where the land is nearly level some complaint is made on new 
land that the soil is cold in the spring, but this difficulty will 
probably be overcome after the land is cultivated more and the 
soil more thoroughly aerated. Some of the level tracts, how- 
ever, will probably require tile drainage to bring them up to a 
proper state of fertility. 

Chemical analyses of composite samples of the surface eight 
inches of the soil show it to be well supplied with potassium, with 
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a fair amount of nitrogen, and with a fair amount of phos- 
phorus. 

Extreme acidity has developed on much of this soil in Dunn 
and St. Croix counties. From a large number of actual fer- 
tiliser tests of acid soils, it has been shown that soils in an acid 
condition require phosphate fertilizer to insure best results. 
The Wisconsin Experiment station carried on considerable ex- 
perimental work with acid soils, and results are published in 
Bulletin No. 139, showing quite conclusively that com growing 
in acid soils made more rapid growth and developed more 
fully when a fartilizer was added which contained phosphorus, 
either alone or in combination with potash or nitrogen, than 
when phosphate was omitted and the potash and nitrogen alone 
were added either singly or in combinations. The supply of 
nitrogen can be maintained by judicious seeding of clover and 
alfalfa crops. At the present time but little of the latter valu- 
able legume is being raised. Red clover does well as a rule. 

In a dairy country, where bran or other concentrated food 
stuffs are commonly purchased, and where the manure is care- 
fully cared for and little loss incurred from barnyard leaching 
and in handling, the supply of phosphorus can be maintained. 
This has been found true in older dairy sections of the state. 
Where the purchase of feed stuffs is impracticable, the phos- 
phorus supply can be increased for large crops by the purchase 
of this element in the form of commercial fertilizers, as explained 
elsewhere. 

Agriculture. — This soil has developed into one of the best 
general farming soils of the region. The common grains are all 
grown to a variable extent with good average returns. In the 
western part of the region in Dunn, Polk, and St. Croix counties 
on the thinly forested or prairie tracts, this soil was cropped to 
grain, especially wheat, for many years. The grain yields, how- 
ever, after a few years decreased, and 20 to 30 bushels of wheat 
per acre became the exception instead of the rule. The causes 
that led to the decrease in yield were partly due to soil condi- 
tion, and partly to the chinch bug. The result was that other 
grains, such as barley, rye, oats, and com were tried and a rota- 
tion practiced. Clover became a crop that occupied the land a 
portion of the time. Stock raising became more general, espe- 
cially for dairy purposes and during the last 15 years a marked 
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increafie in dairy and live stock production has taken place. 
The census statistics show the increase in dairy products to have 
been very marked, during the last. ten years through all the 
countries. On the whole this is a very desirable change as far 
as it concerns the maintenance of a good state of agriculture on 
this soil. 

The present yield of wheat is about 12 to 18 bushels per acre, 
of oats 35 to 40 bushels, rye 1 2 to 1 5 bushels, of barley 30 to 
35 bushels, and corn 25 to 35 bushels. The potato is usually 
an important crop, the avearge yield being 100 to 150 bushels 
per acre. 

Special crops have developed to considerable extent north and 
northwest of River Palls, on the area northwest of Eau Claire 
known as Truax Pnnirie, and north of Chippewa on Eagle 
Prairie. The special crops are potatoes, tobacco, cabbage, can- 
ning peas, sweet corn, sugar beets, and small fruit. Peas for 
canning are extensively grown on this soil about Rice Lake, 
Campia, and Barron. An attractive market near by and soil 
adapted to such crops are doing much to increase the revenues 
from farming. 

Where these special cultivated crops are grown to a large ex- 
tent year after year, the rotation must include some crop that 
will replenish the organic matter which is removed by a system 
of special crops. Red clover or rye are excellent crops to plow 
down and allow^ to decay. The clover also serves the purpose 
of enriching the soil in nitrogen, one of the elements that special 
crops like peas and corn require in large amounts. The pea 
crop, although a leguminous crop, contributes but a small 
amount of nitrogen to the soil, its root system being very limited 
as compared to that of clover. 

The location of these tracts near to towns of considerable size 
makes it possible to purchase manure from livery stables and 
elsewhere. Where this can be purchased at reasonable price it 
makes good fertilizing material although there is danger that 
fields so fertilized will become infested with noxious weeds. 
The system of farming, where such crops as peas are raised, is 
especially conducive to a rapid spread of weeds even where no 
manure from cities is applied. This is an added reason why 
rotation is desirable, involving clover and oats where these can 
be fed profitably to stock, either to sheep or to dairy cattle. 
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This probably is the preferable method of maintaining soil fer- 
tility on the^e areas, where special crops are remunerative and 
adapted to the soil conditicto. Corn is grown extensively in the 
Parmington area and to some extent in other portions of Polk 
county. In Barron county corn has not been grown so exten- 
sively on this soil. 

Fertilizer requirements become of much importance in some 
of these special crop areas. Tobacco, cabbage, and potatoes and 
sugar beets are heavy feeders of potassium and where these 
crops are raised in considerable quantities, fertilizers rich in 
potassium are needed. Potassium f^ulphate at the rate of 150 
to 175 pounds per acre will be sufficient for the special crops 
grown. The better and more economical way for the farmer is 
to purchase fertilizers for his particular crop requirement rather 
than to buy the complete fertilizer already mixed by the manu- 
facturer, as the latter fertilizer often contains elements with 
which the soil is already well supplied. 

While all grains receive more or less attention, the dairy in- 
dustry is rapidly becoming much more important than grain 
raising; and while some grain is sold from the farm, the lead- 
ing exports are dairy products and live stock. On most of this 
soil, the dairy product is cream sent to the local creamery. 
Farmers usually separate the milk on the farm. In Farming- 
ton, the cheese factories make American cheese, while in Rice 
Lake and Turtle Lake, the manufacture of brick cheese is more 
important. 

Land Values. — Farm values on this soil are relatively high, 
the soil in general being w^ell adapted to agriculture. Wild land 
ifi probably held at $20 to $30 per acre. Improved lands are 
sold at $50 to $100 per acre, the average prices being from $70 
to $90 per acre. Well organized dairy farms, and farms de- 
voted partly to special crops, especially to peas, command the 
highest prices. 

CHETEK SANDY LOAM. 

Area. — The Chetek sandy loam is in irregular areas border- 
tag some of the large rivers and streams. It occurs in small 
tracts in every county except Rusk and Polk, the largest tract 
being in Barron county. In the entire area it includes about 
230,000 acres. As a general rule this soil is associated with 
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areas of the Sterling sand. Along the Red Ceder river in Bar- 
ron county the close arsociation of these two soils is well illus- 
trated. 

Surface. — The surface of this soil formation is nearly level, 
similar to that of the Sterling sand ; hut the surface is not quite 
so level in general as that of the latter, more areas within this 
type being somewhat slightly rolling. See Plate XI. In a few 
places around Cameron and east of Chetek, the soil is somewhat 
stony. 

Native Forest. — The forest growth was mainly Jack pine with 
some white and black oak. As a rule the stand of timber was 
fairly dense. 

Sail. — The Chetek Fandy loam is a medium sandy loam to 
depth of eight inches. The surface soil contains considerable 
ooarse and medium sand and is fairly well supplied with or- 
ganic matter, giving it a medium dark color. The subsoil con- 
tains less organic matter and more coarse sand and gravel ma- 
terial than the surface soil as a rule. 

The results of the mechanical analyses of this soil and sub 
soil from Barron and Chippewa counties are shown in the fol- 
lowing table: 

Mechanical analyses of Chetek sandy loam. 



No. 



m 

ItiO 
10 
10 



Locality. 



Barron Co 

Barron Ck) 

Chippewa Co 
Chippewa Co, 



Descrip- 
tion. 



Soil 

Subsoil.. 

Soil... 

Subsoil., 



Fine 


Coarse 


Me- 
dium 
sand. 


Fine 


(Travel. 


sand. 


sand. 


.1 


25.5 


23.6 


16.5 


.2 


25.4 


24.2 


18.7 


.2 


28.1 


22.0 


14 6 


.4 


20.7 


23.4 


16.8 



Very 

fine 

sand. 



2.0 
2.8 
2.9 
2.6 



Silt. 



22.6 
18.5 
21.2 
28.7 



Clay. 



9.1 

9.6 

11.0 

7.4 



Around Cameron and east of Chetek, small boulders are asso- 
ciated with the surface soil but not in sufficient number to in- 
terfere with cultivation. Around River Falls, in Pierce county, 
this type shows variations, to a sandy loam and to muck. These 
heavier soil bodies are usually too small to be separated on the 
general soil map. . Some of this soil in the bottom lands is only 
a few feet deep to the bed rock. 

Agriculture. — The principal crops grown on this soil are oats, 
rye, com, potatoes, and hay. Corn can be relied upon to ripen 
on this soil in Barron county as it permits planting earlier in 
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the spring than the heavier upland soils. The yield of oats is 
25 to 35 bushels per acre, of corn 20 to 30 bushels. Potatoes 
are an important crop en this soil about Cameron and Chetek, 
the average yield being 100 to 150 bushels per acre. The yield 
of hay is generally from 1 to ly^ tons per acre. 

The soil is well adapted to combination farming in which live- 
stock and dairying should be most important. In order to 
maintain the fertility of gand or sandy loam soil, the keeping of 
abundant stock on the farms is of more importance than on the 
heavier soils. Manure, if sufficient amounts can be obtained, 
has always been the best fertilizer for the farmer. Besides sup- 
plying fertilizing material, it improves the physical condition of 
the soil as no commercial fertilizer can. /Where manure cannot 
be purchased from outside sources, the farmer should arrange 
his system of farming so as to include dairy cows and such other 
live stock as is best adapted to his farming conditions. If this 
is not feasible, commercial fertilizer may be needed. 

Clover has been grown on this soil with good success, and 
ought to be a more general crop. This soil is quite acid or 
'*sour'' as a rule and may require application of ground lime- 
stone where difficulty is experiences in obtaining a catch of 
clover. (See pages 71-2.) Alfalfa will do well when once a 
stand is obtained. These leguminous crops should occupy the 
land one to two years during the four year rotation period. The 
supply of total nitrogen in this soil, similar to that of nearly 
every sandy soil, is below the average. The growing of clover 
is the cheapest method for the farmer to replenish his soil with 
this valuable plant food constituent. 

Special crops, such as tobacco, cucumbers, sweet corn, and 
peas are being grown, successfully, on limited areas of this soil 
about Chetek and Chippewa Falls. Where good markets are 
conveniently located, this soil ought to pay well, for it is an ex- 
cellent truck soil. 

Land Values. — Most of the soil of this type has been divided 
up into farms for a number of years. Uncleared land is gen- 
erally held at $10 to $20 per acre. Improved land in a fair 
state of cultivation is generally held at $30 to' $60 per acre. The 
farms devoted to dairjang and to the special crops, peas, corn, or 
tobacco, command the highest prices. 
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MERIDEAN SANDY LOAM. 

Area. — This soil mainly occupies the bottom lands lying along 
the lower Chippewa, Bed Cedar, and Eau Galle rivers. The 
width of this bottom land varies from a narrow strip to a belt 
1 mile to 2 miles wide. This soil is the lowest river bottom land 
HDd is about five to fifteen feet above the level of the river. 

Surface. — ^The surface of this type is nearly level. Here and 
there are small undulating tracts. The shifting of the Chip- 
pewa river in places has cut off portions of its former river bed, 
thus forming small ponds in the abandoned river channel. 
Where marshes arc found these are generally associated with 
cut-offs formed in this way. 

Forest. — ^Practically all the forest growth has been removed 
from this Foil. In scattered areas only are stands of elm, maple, 
ash and a few oak remaining. On the most sandy phases of this 
soil scrub oak and some pine were developed. 

SoU. — The soil on these lower bottoms is usually sandy loam 
though it varies considerably. The surface eight inches contains 
considerable coarse and fine sand with small amount of clay 
material. The subsoil becomes sandier with more coarse and 
gravelly material. As a rule the surface soil carries a fair 
amount of organic matter and has a rather dark color. 

While a large proportion of the river bottoms are light sandy 
loams, there are important areas of limited extent of heavier 
soil that differ markedly from the light sandy loam described 
above. This heavier soil is located along the Chippewa river 
in Dunn county in the vicinity of Caryville and Meridean, form- 
ing an area of about 15 to 20 square miles in all. Farther up 
the river in Eau Claire county in Sees. 4, 5, 8, 9, T. 26, R. 10, 
is another small tract. The surface eight inches on these more 
fertile areas is a fine sandy loam with some clayey material and 
high organic matter as evidenced by the dark color. The sub- 
soil, eight to twenty-four inches, is made up of sandy soil 
Ughter in color but also carrying a fairly high content of or- 
f?anic matter. 

The results of the mechanical analyses of the heavier loam 
soil and subsoil are shown in the following table ; 
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Table XVIII — Mechanical analynei of Mtridean nandy loam. 



No. 


• 

Locality. 


Descrip- 
tion. 


Fine 
frravel. 


Coarse 
sand. 


Me- 
dium 
sand. 


Fine 
sand. 


Very 

floe 

sand. 


Silt. 


Clay. 


U 

11 

112 

\\2 


EauClalreCo.... 
EauClalreCo.... 

Dunn Co 

Dunn Co 


8oll 

SulMOil... 

Sou 

Subsoil... 


.5 
.1 
.0 
.2 


18.2 
16. 5 
12.5 
12.6 


23.7 
23.9 
17.2 
16.8 


24.4 
U.l 
20.7 
21.9 


9.6 
10.0 
17.8 
19.9 


13.7 

14.6 

23.3 

, 20.5 


9 7 

8.5 
1^.2 
8.1 



Crops. — The heavier phase of Meridean sandy loam is being 
devoted to general farming including dairying and some grain 
raising, chiefly oats. Tame hay yields well, and com is one of 
the best crops grown. At Meridean many silos have been built 
and the dairy interests supports a thriving creamery at this 
point. 

The heavy phase of this soil in Eau Claire county is devoted 
to special crops and found to be very profitable. The leading 
special crops grown, are cabbage, sugar beets, sweet corn, pota- 
toes, cucumbers, and tomatoes. The yields of these crops dur. 
ing 1909 seemed to warrant more extensive development. The 
question of the best means of fertilizing is very important in 
connection with the raising of special crops. Stable manure 
from Eau Claire has .been shipped in and used by farmers on this 
.soil. This is the best all-around fertilizer, but for certain crops, 
like cabbage and potatoes which require much potassium it will 
be more economical to buy this particular element in a com- 
mercial fertilizer. A commercial phosphate fertilizer also may 
be better than manure in some cases. 

All the soil along the bottoms was found to be acid, indi- 
cating a. general need of lime either as ground limestone or air- 
slaked lime. Clover can be raised on this type with good rc^ 
suits and should be maintained in the rotation of crops. 

On the sandy phare of this bottom soil mixed farming is con- 
ducted. The grains are mainly oats, r>'e, and some buckwheat. 
Potatoes and corn yield well. Some of this soil, however, is 
practically non-agricultural, due to the poor physical condi- 
tion of the soil resulting from lack of drainage. For example 
a large part of the wet and marshy bottom land from Meridean 
to Durand on both sides of the Chippewa river is at present ot 
little value agriculturally. 
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Land value,-'. — The farm values along the river bottoms are 
quite variable. ]\rost of this land is held at $25 to $50 per acre. 
However, farms on which dairying, stock-raising or truck rais- 
ing are the leading features command prices from $50 to $100 
per acre. 

Sterling Sand. 

Area. — The Sterling sand is typically developed in the central 
and western parts of the town of Sterling in northwestern Polk 
county. This locality is often referred to as ** Sterling Prairie" 
because of its level surface and the general absence of forest 
trees. 

This sandy Foil area in the town of Sterling is a part of the 
large belt of so-called ^'barrens'' or ** plains" which is mainly 
confined to the vicinity of the St. Croix river and its tributaries, 
particularly the Nemakagon, Totogatig, Yellow, and Clam riv- 
ers. As outlined in a general way by Strong^ this sandy plain 
is a linear tract having an average width of 12 to 15 miles, 
stretching from a point about 12 miles from the Bayfield penin- 
sula nearly due southwest to the mouth of Wolf Creek in Polk 
county, a distance of 125 miles. This tract is joined by a taper- 
ing bolt on the east lying along the Nemakagon river. 

Besides the area of sandy soil in the town of Sterling, which 
is a part of the so-called *' barrens** there are quite similar sandy 
soils within the area described in this report which may be 
conveniently classed with this type. The largest and most 
prominent of these areas is the large tract of sandy soil along 
the Eau Claire river in Eau Claire county. Other smaller 
areas, as indicated on the soil map, are along some of the small 
streams in southern Eaii Claire county, and in eastern Pepin 
county. There is also a considerable area of this type north of 
the Chippewa river in the town of Spring Brook, Dunn county, 
and another along the Mississippi river in the vicinity of Pepin 
and Hager. 

Surfa<ie. — ^The surface of this type of soil is uniformly near- 
ly level. In many places, however, the nearly level surface is 
broken by the occurrence of ridges of wind blown sand, **.sand 
dunes," and in other places by narrow valleys cut by streams 
and by small sags or depressions left by glacial action. In 
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places this type of soil is closey associated with marshes and 
wet sandy land. 

Native Vegciaiion, — This type of soil was ori^nally only 
sparsely covered ^nth forest trees. Considerable areas were 
practically free from timber, while other areas were covered 
with a light groA^th of jack-pine, aspen, and occasionally Nor- 
way pine. Other areas were covered with burr oak, black oak, 
and white oak brush with occasional trees of these species. The 
common ** brake" and '* sweet fern" are usually preient on this 
soil. 

Oroxmdwatcr Conditions. — The depth to the level of ground 
water in this sandy soil is variable. In the town of Sterling in 
northwestern Polk, the wells are generally from 20 to 40 feet 
deep. In eastern Eau Claire county the ground water level is 
generally quite near the surface, except immediately adjacent 
to the Eau Claire river. In many places in eajstem Eau Claire 
the general water level is only from 10 to 15 feet below the sur- 
face and where this condition prevails the agricultural possibil- 
ities of the soil is enhanced. Along the Chippewa and Mississ- 
ippi rivers the water level is generally from 40 to 80 feet below 
the surface. 

The lack of forest growth on this soil is largely determined, 
very probably, by lack of moisture in the subsoil. 

Soil. — The Sterling sand in its typical development consists 
mainly of medium sand Fomewhat brownish and dark at the 
surface, grading down to lighter colored sand. In places a 
gravelly subsoil is struck at depth of two or three feet, but 
generally the subsoil is medium to coarse sand to a consider- 
able depth. The mechanical analyses of representative samples 
of this soil from various localities are shown in the following 
table : 
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TiBLB XIX. — Mechanical analpsea of Sterling nand. 



No. 


1 

Locality. 


Descrip- 
tion. 


Fine 
tf ravel 


Coarse 
sand. 


Me- 
dium 
sand. 


Fine 
sand. 


Very 

fine 

sand. 


Silt. 


Clay. 


16 


P0lkCo.,T.3fi.R. 












4 








19 


Soil 


• .0 


5.9 


22.4 


46.5 


15.7 


4.9 


4.2 


14& 


Polk Co.. T. 36. K. 






Itf 


Sul^soll... 


.3 


7.2 


26.5 


46.2 


12.5 


3.7 


3.7 


15 


Eau Claire CX>.,T. 






stt. B. D 


Soil 


1.1 


12.4 


13.5 • 


44.0 


17.4 


7.8 


4.6 


1& 


Eau Claire Co.,T. 




















28, R. 6 


Subsoil... 


.0 


17.1 


14.1 


43.1 


18.1 


4.3 


3.3 


106 


Dunn Co.. T. 27, 


















tt.ll 1 


Soil 


.3 


2U.8 


24.8 


33.6 


5.7 


7.0 


6.9 


106 


Dunn Co.. T. 27, 




















R.11 


Subsoil... 


.4 


22.5 


28.6 


31.1 


5.5 


6.2 


6.1 


117 


Pepin Co., T, 25, 




















K.I3. 14 


Soil 


.7 


15.4 


27.7 


34.5 


9.2 


7.8 


5.0 


117 


Pepin Co.. T. 25, 




















B.13.1i 


Subsoil... 


.6 


14.2 


24.9 


37.3 


9.0 


7.3 


6.0 



The mechanical analyses of these samples from the several 
counties, are very similar to one another and are almost identical 
with the analysis of the Plainfield sand type of the U. S. Bureau 
of Soils classification. The Sterling sand is approximately the 
same type of soil as the Wisconsin river sandy soil described in 
the soil report of North Central Wisconsin.* 

The nitrogen and organic matter in the Sterling sand are 
relatively low, the chemical analysis , showing about one-half 
I he amount of these constituents in this type as occur in the 
loams and silt loams of the area. There is, however, a consider- 
able variation from place to place in the amount of organic 
matter. Some of this soil in Pepin county contains consider- 
able dark organic material in the surface three or four inches 
of soil. On the other hand along the Eau Claire river in east- 
em Eau Claire county there is a large area characterized by its 
nearly white color, indicative of only a small amount of organic 
material in the surface soil. 

From the limited number of chemical analyses which have 
been made thus far it appears that these sandy soils are fairly 
well supplied with potassium while the supply of phosphorus 
is considerably less than in loam soils. 

Besides the smaller amounts of plant food in the sandy soils, 
which in many cases is in forms not available to plants, the 
lower grade of fertility of the soil type is due to the porous 
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texture of the soil, causing excessive leaehing of soluble plant 
food, and to it« incapacity to retain sufficient soil moisture for 
crop use during critical stages of plant growth. 

The Sterling .sand, nqt alone along the Eau Claire river and 
along other rivers of the southern part of the area but also in 
the town of Sterling and the a&ociated tract of ''sand plains" 
or ** barrens'* of the upper St. Croix river and tributaries is a 
typical alluvial sand formation deposited by rivers. 

Red lacustrine clays were observed along the St. Croix river 
just north of Nevers' dam, and at the mouth of Wolf Creek. 
In the continuation of the Sterling sand belt in Burnett county 
red lacustrine clays were observed about Grantsburg beneath 
the sand formation. Similar red calcarecus lacustrine clays 
were observed in some of the valleys of Eau Claire county. 
These lacustrine clays are essentially similar in character and 
origin to the red clay^ along Lake Michigan and Lake Superior, 
although these interior deposits are likely to contain a larger 
proportion of sand and silt than the clays occurring adjacent 
to the Great Lakes. 

Wherever these lacustrine red clays are associated with the 
sands and come near enough to the surface to contribute mater- 
ial to the surface soils and influence ^oil moisture phases of 
loams are developed having a higher grade Of fertility than the 
unifomily deep sand soils. 

Agricidiiture. — ThivS sandy alluvial soil, on account of its open 
porous character is subject to leaching of soluble plant food, 
and the rapid oxidation of organic matter. As a type it is 
probably the most infertile soil of the state. It is the only soil 
within this area in which abandoned farms have been observed. 
However, this soil type in other parts of the state and also 
within this area is being farmed with fair yields of crops under 
proper management. 

The principal grain crops grown on this soil are oats, rye, 
and com. The yield per acre is variable depending entirely on 
proper management of the soil. Where the state of fertility of 
the soil is maintained nearly as good average yields are obtained 
as on the loam soils. Special crops, such as sweet com, pota- 
toes, and beans are well adopted to this soil type. The potato 
is an especially good crop, and yields of 100 to 150 bushels per 
acre are common. The bean is quite extensively grown on this 
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type of soil in certain parts of Michigan and the acreage of 
tills crop should be increased in this region. 

Dairying may be carried on profitably in conjunction with 
the special and grain crops mentioned above. Where dairying 
is practised the principal forage crops are clover and com, the 
latter often used as silage. Alfalfa can also be grown on this 
soil under proper soil conditions. 

Land Values. — The land values on this soil type are quite 
variable, depending largely on the conditions under which the 
farms are managed. Wild land is generally held at $5 to $10 
per acre. Land under cultivation is generally held at $10 to $30 
per acre with some farms under the very best management often 
selling above $30 per acre. 

Management of Sandy Soils, — The management* of sandy 
soils presents some of the most difficult problems confronting the 
farmer today and it is doubtful whether some of the abandoned 
farms on this soil will be reclaimed until the difference in cost 
of more productive soils of the state is greater than it is at 
present. Just as soon as the heavier loam soils are all taken, and 
values reach $100 or more per acre, the light sandy soils will 
be again brought under cultivation and made to produce such 
crops as are adapted to sandy soils. This is the condition at 
present in the older parts of this state and also abroad where 
large tracts of abandoned lands of sandy nature have been 
made productive under proper management. 

As already stated sandy soils are difficult to manage. In a 
fertilizer test on this soil a complete fertilizer produces the 
best results. Potash, however, in sufficient amounts is usually 
found in this area as shown by chemical analyses. 

TJie first step in the improvement of sandy soil is to increafe 
the organic matter. . Besides supplying nitrogen the water- 
holding capacity of the soil is increased by incorporation of 
vegetable matter. For this purpose clover is the best crop that 
the farmer can grow. This introduces a difficulty at once, for, 
as many farmers can well testify, to secure a catch is not an 
easy matter. Sandy soils are quite generally acid, and it has 
been found that clover prefers non-acid soils. Again, the sea. 
son may be too dry or the soil may be exhausted by long pre- 



* Fbr a more complete discussion of the improvement of sandy soils, 
see Bulletin 204, Wis. Exp. Station, Madison, Wis. 
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vious cropping, so that an application of barnyard manure or 
commercial fertilizer is needed to give the young clover plant 
a start until it can appropriate nitrogen from the air. Where 
soil shows acidity, an application of ground limestone at the 
rate of one ton per acre will be found beneficial. Air-slacked 
lime, marl or lime refuse from sugar beet factories are equally 
efficient. 

This ground limestone may be adder) after the field is ready 
for planting, seeding to oats or rye being preferable, at the rate 
of six pecks per acre, and seeded with mammoth clover at the 
rate of 10 quarts per acre. If manure can be obtained it would 
help greatly to insure a stand if applied before seeding to grain 
at the rate of about four loads per acre. Should the season 
come off dry, it may be advisable to cut the grain green for hay 
in order to afford better moisture conditions for the clover 
seeding. 

If a stand is obtained, the first crop may be cut for hay and 
second crop either be plowed under or allowed to go to seed. 
If this second crop is plowed under an application of 1000 
pounds of ground rock phosphate per acre should be made. 
After the clover should follow a cultivated crop of com or pota- 
toes. This cultivated crop is followed by grain again and seeded 
with clover as before. 

If conditions warrant the clover may be allowed to stand un- 
til the second year before being plowed under, thus making a 
four year rotation. At the beginning of this building up pro- 
cess, the three year rotation will perhaps be preferable. 

After this heavy phosphate application, the amount added 
may be reduced and about one-fourth as much added once dur- 
ing a four year period. This system has been found successful 
by the State Experiment Station on sandy soils similar to this 
type. Farmers should not expect too much at the start, es- 
pecially if the soil has been cropped continuously for many years 
and little manure added. 

These soils are well adapted to clovers, and alfalfa will also 
thrive. Some fine fields of red clover were observed on the 
light sandy soil along the Red Cedar river in Dunn county. The 
clover was grown for seed in this section and was one of the 
principal sources of income from the farms. Dairying was car- 
ried on in connection, and manure, applied systematically. The 
land in the area was cropped to grains and other crops about 
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one-half the time, the remainder of the time given over to 
clover and pasture. It is needless to say that abandoned farms 
were not conspicuous in this locality. 

An experimental farm on light sandy soil at Spooner, Wash- 
bum county, was recently started by the State Experimental 
Station. An experimental farm on similar sand in Marinette 
county also has recently been organized. Practical results in 
the management of sandy soil will be worked out and reported 
as early as possible. 

HARTTiAND SlLT LOAM (LOBSS). 

Area. — The Hartland silt loam is principally in Pierce, Pepin 
and Dunn counties. The largest continuous area of this soil type 
forms a broad tract including nearly three-fourths of Pierce, 
more than one-half of Pepin and a long belt extending north- 
ward through the western townships of Dunn county. In Chip- 
pewa county there is an area of over a township located in Til- 
den, northwest of Chippewa Falls. There is a small area of 
the loess soil type about Ludington in Eau Claire county. 
South of a line between Augusta and Fall Creek is the most 
extensive tract in Eau Claire county, embracing about two 
townships. The total area of this soil is about 556,000 acres. 

Surface Features. — The surface features of this formation are 
rolling or undulating, to hilly. See Plate All. The surface 
inequalities are due chiefly to erosion of the underlying rock and 
the topography is often spoken of as an erosion or stream topo- 
graphy. No uniformity exists over any large area. For exam- 
ple adjacent to rivers or intermittent streams are areas ranging 
in width f«)m one-half to three-fourths of a mile, which are 
likely to include considerable land that is rough and broken. 
This is especially the condition where the main rivers have 
eroded deep beds as is the case with most of the streams in 
Pierce and Pepin counties. Most of these deep channeled 
streams have developed extensive systems of short tributaries, 
nearly at right angles to the main stream and leading abruptly 
up to the adjacent uplands. These tributaries or feeders are 
dry runs except during rains or melting of the snow. In Chip- 
pewa and Eau Claire counties the streams channels are not as 
deep as those in Pierce, Pepin, and parts of Dunn, and conse- 
quently fewer of the extremely undulating areas are found. 



74 SOIL SURVEY OF NORTHWESTERN WISCONSIN. 

Foreais — Over a broad belt reaching from the vicinity of 
Prescott and extending along the south border of Pierce and 
Pepin an area of hard woods, mainly of oak was originally de- 
veloped. The stand was usually light and was referred to as 
**burr oak openings" by early settlers. At present no forest 
area of any extent remains on this tract except on the slopes or 
bottom lands. Similar forests of oak grew over the area north- 
w-est of Chippewa Falls, and in southeast Eau Claire county. 
In the remaining areas mixed hardwoods consisting of maple, 
oak, elm, and bass wood developed. Considerable pine and 
hemlock was associated with the hardwoods in southwest Dunn 
county and in eastern Chippewa county. 

At the present time the timber products of this soil area are 
of little importance as compared wdth the agricultural products. 
In the tow^n of Weston, Dunn county, there is a tract of 7500 
acres of hardwood forest and a large saw mill is operated in that 
locality. 

Soil, — The soil is a silt loam of medium dark buflP color to a 
depth of six to eight inches. It is remarkably free from pebbles 
or stone, and possesses a characteristic smooth powdery feel. 
The mechanical analyses show that this soil is made up very 
largely of silt (grains whase diameters range between .05 to 
.005 mm) ; the clay content is usually low. The mechanical 
condition of the soil affects its physical properties profoundly. 
It can withstand heavy rainfall better than the heavier com- 
pact clay soils and does not bake or pack after rains. 

The soil on account of its porous nature is subject to leach- 
ing of its soluble plant food. On similar soils in Iowa large 
tracts were rendered infertile on account of the rapid decom- 
position of its organic matter, but as yet there appears no danger 
from this source here. Chemical analyses show an average high 
content of organic matter. The subsoil, below eight inches, is 
buff to yellow in color and remarkably uniform in structure. 
The clay content is somewhat higher in the subsoil than in the 
surface soil. Like the surface soil the subsoil contains no 
coarse material. 

The depth of the loess subsoil varies in the different areas. In 
Pierce and Pepin county the average depth is six to eight feet 
with some upland tracts much deeper. In eastern Chippewa 
this soil does not show the same degree of uniformity found in 
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the other areas. As a nile it is not as deep either. This soil 
in Pierce, Pepin and western Dunn counties is generally under- 
lain by limestone, and in the other counties by sandstone. The 
relation of the loes? soil to the underlying sandstone is illustrated 
in fig. 2, Plate XIII. 

The results of the mechanical analyses of the soil and subsoil 
are shown in the following table : 

Tablb XX. — Mechanical analy$e» of Hartland nU loam (Loess). 



No. 


Locality. 


1 

Descrlp- i Fine 
tion. gravel. 


Coarse 
sand. 


Me- 
dium 
sand. 


nn*^ 

sand. 


Very 

fine 

sand. 


Silt. 


Clay. 


118 


Pepin Co 


Soil 


.9 

.2 
1.3 

.1 
1.6 

.6 


.7 

.3 
1.4 

.2 
1.4 

.5 


3.3 

2.1 

2.2 

.5 

7.2 
2.0 


18.7 
27.8 
22.1 
7.3 
27.5 
32.1 


66.1 
56.5 

et.i 

78.7 
51.8 
53.9 


11.5 


118 

9 

9 

113 

113 


Pepin CJo 


Subsoil... 

Soil 

Subsoil... 

Soil 

Subsoil... 


.0 
.1 
.0 
.4 
. .0 


13.0 


Chippewa Co 

Chippewa Co 

Dunn Co 


10.1 

12.9 

9.9 


Dunn Co 


10.4 



The origin of this silty loam explains in a measure its uni- 
formity. This soil is **loe.«s,'' and was deposited by wind carry- 
ing fine material from unprotected areas farther west. The loess 
?oils are widespread over large portions of the Mississippi valley. 

On account of the uniform silty composition of this soil typ<^ 
and its rolling character it is particularly susceptible to side 
hill erosion. The loss from this source may be considerable, de- 
pending on the slope and the kind of crop raised. Usually when* 
ordinary care is taken destructive gullying can be prevented, 
although many area.s were observTd that were badly cut up into 
large and small ditches. 

In general when the slope is steep it should remain in hay or 
meadow land most of the time, only plowing it up in order to 
reseed again.' The crops raised also influence the liability of 
erosion. Areas planted to potatoes and corn are subject to most 
erosion. The best system to follow in farming the slopes is to 
crop with oats, wheat or barley, in rotation with clover. The 
slopes should remain in hay or meadow about two years out of a 
four or five year rotation — preferably two years out of four. 
Keeping the runways of water in sod has worked fairly satis- 
factory in some ca.^-es. On sloping clay soil in the ??outhern 
states, furrows dug along at right angles to slope ** terracing" 
have been found an efficient and cheap means of lessening slope 
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erosion. These furrows are placed at intervals of about 100 
feet and connect with an outlet ditch down the slope at one end 
of the field. The system so constructed is maintained perma< 
nently though it offers some inconvenience in the use of farm 
machinery. 

Tiling similar uplands has been found advantageous, in re- 
ducing the loss from erosion. In sloping soils tile laid in the 
direction of slope six to eight rods apart increased the water 
holdng capacity and decreased the surface run-off very materi- 
ally. 

Agriculture, — This soil type is especially well adapted to grain 
raising and to general farming in which dairy products are the 
important exports from the farm. Both these systems are being 
carried on on this soil type. Grain raising is confined princi- 
pally to the so-called ** prairie'' tracts, the largest area of which 
extends along the southern border of Pierce and in Pepin coun- 
ticp. The grains raised are mainly oats and barley; less wheat 
is raised now than 15 years ago when this section was well known 
as a wheat growing area. 

The areas originally forested with hardwoods have adopted 
combination farming, and here dairy products are in the lead. 
The grains, oats, barley and corn are raised and yield well, but 
do not form an appreciable portion of the exports. 

These two systents of farming differ radically in their influ- 
ence on keeping up the fertility of the soil. The grain farmer in 
the past has not concerned himself very much with principles 
of soil fertility, not alone in this area but in all grain raising 
sections of the country. Up to about 1890 the grain section of 
this soil type was devoted to wheat. No attempt at rotation was 
made and clover was grown in only limited areas. A shrinkage 
in yield and partial loss of crops in the early nineties resulted in 
loss wheat being grown, and brought about a rotation involving 
the growing of a variety of grains such as oats, barley and some 
wheat. Clover also was more generally grown. This system is 
practiced now and the leading grains are oats and barley; more 
live stock is being kept and the stock furnishes needed fertilizer. 
Farmers, however, depend largely on clovers to enrich their 
soils and as a proof of increased fertility point to the fine jdelds 
now obtained. While clover is important, it adds but one of 
the plant food elements essential to crops, namely the element 
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nitrogen. Besides supplying nitrogen, however, the clover also 
adds organic matter to the soil, and also improves the physical 
condition of the soil by its deep root system, permitting air and 
water to enter the soil more thoroughly. 

But while clover adds nitrogen and organic material to the 
soil, it removes large amounts of phosphorus like the grain crops. 
Bam yard manure, where it is available, adds phosphorus as 
well as nitrogen to the soil. But even where the manure is ob- 
tained from forage and grain crops grown on the farm, the 
supply of phosphorus is not increased but rather decreased due 
to the loss by leaching and otherwise in handling the manure. 

The grain farmer may, therefore, find it advisable to apply 
phosphorus to the soil which has been subjected to excessive or 
continuous cropping. The cheapest form in which to supply 
phosphorus is by application of the ground rock phosphate as 
explained in another place. An application of 800 to 1000 
pounds per acre to begin with and a light application of about 
250 pounds per acre thereafter, during each rotation period will 
usually be sufficient. Clover should occupy the land two years 
during a four or five year rotation with oats, barley or wheat. 

The farmer who practices combination farming, in which live 
stock, dairy cows, fat stock, hogs, and sheep are kept, usually 
sells no grain from the farm and in addition usually purchases 
concentrated feed stuffs, such as bran which is high in phos- 
phorus content. The supply of nitrogen in the soil can be main- 
tained by growing of leguminous crops, such as clover. Potas- 
sium is an abundant element in this soil type as the chemical 
analyses of a large number of soils indicates. 

A larger acreage of this soil type in Pierce and Pepin is de- 
voted to barley than to oats, barley being the leading grain in 
these two counties. In the other counties, the oats are the prin- 
cipal grain raised on this soil. In Pierce and Pepin the average 
yield of barley is 30 to 35 bushels per acre. In the other coun- 
ties the yield is about 30 bushels, with the exception of the town 
of Lincoln in Eau Claire where 35 bushels is the average yield. 

The average yield of wheat is 15 to 18 bushels per acre, and 
of oats about 40 bushels per acre. The acreage of rye in some 
localities is equal to that of wheat, with an average yield of 15 
to 20 bushels per acre. The acreage of corn on this soil is less 
than that of barley or oats in Pierce and Pepin and less than 
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oats and more than barley in Dunn, Chippewa and Eau Claire. 
The yield of corn per acre is generally from 30 to 35 bushels. 
Clover and timothy are the main crops for forage. In a few 
areas alfalfa has been tried. This soil is admirably adapted to 
alfalfa, and it ought to be more generally grown. 

Special Crops, — ^Similar silt loam soils have been found ad- 
mirably adapted to fruit culture in other states. In this area 
considerable fruit is now being grown, especially apples and 
some plums. Th^ hill sides where erosion is troublesome are 
well adapted to fruit trees and grape vines. The fruit culture 
ought to be encouraged and more care given to the trees by 
spraying and pruning when needed. 

Land Values, — This type of soil is one of the most fertile in 
the entire region. Farm values therefore are relatively high, 
as they are elsewhere on the loe?s soils throughout the Mississippi 
Valley. With few exceptions this soil has been laid out iii farms 
for many years. Uncleared land, with little or no merchantable 
timber, is generally held at $20 to $40 per acre. Cleared land 
is generally held at $60 to $100 per acre. Farms on which 
dairying is the principle industry, as in Cook's Valley, Chil)pewa 
county, command higher prices than farms which have been de- 
voted mainly to grain raising. 

AUBURN LOAM. 

Area. — The Auburn loam lies in ( 'hippewa, Eau Claire, Dunn 
and Barron counties. The toil of the town of Auburn, Chip- 
pewa county, is mainly of this type, hence the name. The boun- 
daries of the various bodies are very irregular, as shown on the 
map. Many of these bodies are small, but often they are ex- 
tensive, as for example the area southeast of Menomonie, in 
Dunn county, a tract nearly two townships in extent and the 
large area in northwestern Chippewa county and in south- 
eastern Barron county. Around Elk Mound is another large 
area, and in Eau Claire county are also a number of areas of 
considerable extent. 

Surface. — -The Auburn loam is characterized by a hilly and 
undulating surface, becoming in places quite rough and the 
slopes quite steep. The topography is characteristic stream 
erosion topograi)hy developed on sandstone and shale forma- 
tions. Not all the area is hilly and undulating. The surface is 
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more gently roling in the area south of Elk Mound. In other 
places similar uplands with gentle slopes are found but more 
often sharply undulating and hilly features prevail. The sur- 
face features are illustrated in Plates XIV and XV. 

Forest, — The area was originally wooded with hardwoods, 
mainly red oak, black oak, burr oak, some birch, poplar and 
scattering maple. At present eomjiderable wooded tracts re- 
main made up chiefly of black oak, and poplar. More of the 
steeply sloping areas of this soil type ought to remain in forest 
These slope areas are well adapted to tree growth and when 
covered with forest would prevent destructive jguUying so 
noticeable on many of the fields which lie on the slopes. 

Sail. — ^The surface eight inches of this soil varies from a loam 
to a silt loam containing considerable silt. The surface soil is 
buff to yellowish in color and contains a medium amount of or- 
ganic matter. The subsoil to depth of 24 inches is usually u 
sandy to clayey loam. At three to three and one-half feet the 
soil in many ca.ses become quite sandy. Shale and sand rock 
outcrops are common along road cuts and in many places there 
are only a few inches of soil overlying the sandstone formation. 
The sandstone and overlying soil is illustrated in figure 1, Plate 
XIII. 

The Auburn loam has been formed largely from the weather- 
ing of shaley sandstone of the Potsdam (Middle Cambrian) for- 
mation. The shale contains much coarse sand and a large pro- 
portion of claye}' material. Although the area of this soil has 
been glaciated by the earliest glaciers, only a very small con- 
tribution of drift was added to the soil. The soil is a typical 
residual soil and is the only one of this class within the area. 
Whilfe the general soil type is a loam, there are considerable 
areas in which the soil becomes quite sandy. The more sandy 
soils are usually in the areas where the underlying rock is a 
nearly pure sandstone, without any shale and the soil is the 
direct result of weathered pure s^andstone. North of Wheeler 
in Dunn county some especially sandy areas are found. Like- 
wise in the eastern part of Eau Claire county there are isolated 
areas of very sandy uplands. 

The results of the mechanical analyses of the soil and subsoil 
from various parts of the area are shown in the following table : 
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Table XXI. — Mechanical analyse* of ttie Auburn loam. 



No. 


Locality. 


Descrip- 
tion. 


Fine 
trravel. 


Coar>e 
sand. 


Med- ' 

lum 

sand. 


Fine 
sand. 


Very 

fine 

sand. 


Silt 


Clay. 


158 

15^ 

12 

12 

110 


Barron Co 

Barron Co 

Kau Claire Co. .. 
Eau Claire Co. .. 
Dunn Co 


Soil 

Subsoil... 

Soil 

Subsoil... 

Soil 

Subsoil . . 


.1 
.0 
.2 
.0 
.5 
.5 


3.3 
4.1 
6.9 
5.3 
15.0 
14.3 


5.9 

6.4 

11.1 

9.6 

18.0 

17.3 

1 


11.6 
15.3 
13.1 
14.4 
17.6 
19.0 


96 
15.4 
14.9 
15.1 
12.9 
18.9 


57.1 
39.6 
42.7 
43.0 
26.6 
21.1 


11.9 
19.0 
10.5 
12.5 
9.7 


no 


n^inn Oo... 


9.3 









Somewhat heavier soils as well as lighter, more sandy soils 
than those analyzed in the table occur within the area. But the 
variation in the general texture of the soil is fairly well illus- 
trated by the samples analyzed. 

Soil Erosion, — The character of this soil with regard to its 
topography affords conditions favorable to side hill erosion. It 
is difficult to estimate the annual loss by erosion, either from 
loss in fertility by removal of fine soil particles or in consequence 
of gullying of the fields where the slopes are cultivated. As 
above stated as far as possible the steep slopes should remain in 
forest. If the steep slopes are already cleared the cultivated 
crops should not be planted oftener than once in three or four 
years, and the slopes should be allowed to remain in hay mead- 
ows or pasture the remainder of the time. Farmers thus far 
have not apparently appreciated the loss from erosion, other- 
wise more precaution would have been exercised to prevent it. 

Agriculture, — A highly developed system of diversified farm- 
ing is practiced on this soil type. Abundant pasture lands and 
a soil well adapted to cereals and com make this area one espe- 
cialy well suited for general farming. 

The usual grains are oats, barley, wheat and some rye. Oats, 
however, are the leading grain, the average yield being 35 bushels 
per acre. Corn is an important crop, especially in Dunn county. 
It matures early and yields 40 to 50 bushels per acre. 

Clover and timothy are the usual hay crops, the average yield 
being one to two tons per acre. Alfalfa has not been introduced 
extensively as yet but where farmers have planted small fields it 
has been found to give splendid results. It will probably be 
more extensively grown on this soil when its value as a forage 
crop is realized. The potato crop is generally important on th* 
sandy loam, the yields being 100 to 150 bushels per acre. 
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Dairy products together with live stock, hogs, beef, etc., are 
the leading exports from the farm. Cream is shipped to local 
creameries operated on a co-operative basis by the farmers. 
Veiy little grain is sold from the farm, but is fed on the farm 
and sold as manufactured dairy and live stock product. Th'^ 
tendency at present is toward keeping more pure-blooded ani- 
mals, of dairy type as a rule; breeders' organizations are aidin;^ 
materially in the movement to eliminate the scrub cow from the 
farm. 

Besides the general system of farming to which this soil is 
well adapted, the production of fruit ought to receive more at- 
tention. The loamy soil is splendidly adapted for raising apples 
and other tree fruits. The steep hillsides may be brought to 
produce abundantly when planted to fruit trees and grapevines, 
provided proper attention be given. At the present time little 
has been attempted in this way. The Auburn loam, except 
where the very sandy phases predominate is one of the most 
productive soils of northwestern Wisconsin. Crop yields have 
been fairly well maintained and only few farms showed soil in 
poor condition. Acidity of the soil has not developed to a large 
extent 

The supply of nitrogen can be maintained by the growing of 
leguminous crops, clover and alfalfa. This is the cheapest source 
of obtaining the most expensive constituent of plant food. With 
regard to phosphorus farmers have already in few instances ex- 
pended $4 to $4.50 per acre for rock phosphate fertilizer. Where 
concentrated food stuffs for stock is not brought onto the farm 
from outside sources the application of mineral phosphate is a 
good method of maintaining the soil with high phosphorus con- 
tent. 

Land Values, — ^Practically all this soil type is now laid out 
into farms though less than one-half is cleared land. Uncleared 
land is generally held at $15 to $30 per acre, and cleared land 
from $50 to $80, with occasional higher prices where farms are 
well situated and in a good state of improvement. 

PEAT AND MUCK. (Marshland.) 

Area. — ^While marshy tracts of more or less Umited extent 
occur in all of the counties five of the counties contain a larger 
proportion of marsh than the others. These are Chippewa, Busk, 
6 
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Barron, Dunn and Eau Claire. In Chippewa and Rusk are areas 
occupying four to five thousand acres in one continuous marsli 
tract. In Barron, Dunn and Eau Claire counties many small 
areas adjacent to streams or in bottom lands are wet and marshy. 
In Polk many small tracts of marshy areas occur over the entire 
county. 

iSurface: — The surface of these marshes is nearly level, the 
level surface being primarily the cause of its being a marsh. But 
while the areas appear to have almost a level surface, upon more 
careful observation a fall, sufficient for drainage can usually be 
obtained. 

Native Vegetation. — Over many marsh areas a stand of tama- 
rack, some cedar, and willows are found, while in others only 
marsh grass thrives. Moss is a common growth acquiring a 
depth of several feet in some cases. The peat in the marshes 
consists of an accumulation of moss and marsh grass, ernd varies 
widely in depth. In Dunn and southern Chippewa and Eau 
Claire the depth ranges from two to four feet, and is underlain 
by sandy subsoil. Along the Lamb Creek in Dunn county four 
to five feet of peat were often measured before the sandy lower 
soil was reached. In Rusk county large areas where the peat 
measured al)out three feet before clay soil was reached were 
common. 

Oftentimes lakes and ponds are included within marshy land, 
making it more difficult of drainage unless sufficient fall and out- 
let can be secured. 

Of the marsh lands of the entire area, a conservative estimate 
would be about five to six per cent. In Pierce and St. Croix 
counties less than one per cent of the total area is marsh land. 
The amount of marsh land in some of the townships in eastern 
Rusk, and northeastern Chippewa where marsh and swamp land 
is most abundant is probably from 20 to 25 per cent of the town- 
ship. Other townships in Rusk and Chippewa counties have 
less than one per cent of marsh land. 

The agricultural value of these marsh areas is dependant en- 
tirely upon their reclamation. At the present time undrained 
and unimproved the larger proportion of marsh land is only of 
incidental value and then only for wild hay as a rule. In the 
management of the^e marshes the first requisite is proper drain- 
age to remove surplus water and thus fit the area for cultivation. 
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Before taking up the question of crops and fertilizer requirement 
the subject of drainage will be discussed. The following dis- 
euaiion is abstracted from a recent bulletin* of the Wisconsin 
Experiment Station. 

Drainage of Marsh Lands. Deep outlet ditches. The con- 
struction of deep outlet ditches is the first step in the reclama- 
tion of broad marsh areas, particularly the peat marshes. Such 
marshei usually receive the run-off from upland areas several 
times their size. Covered drains of the required capacity would 
be very expensive. 

The minimum depth of outlet ditches should be five feet, ex- 
cept where opportunities for self cleaning are good, when the 
depth may be decreased to four feet. The bottom width should 
be at least one-half of the depth. Eight feet is perhaps tlic 
most advisable depth on marshes more than half a mile wide. 
On marshes less than half a mile wide or where the transverse 
'slope to the ditch is more than a foot in eighty rods, the depth 
may be reduced. Here also the bottom width should be at least 
one-half the depth and as much more as the requirements seem 
to demand. It must be remembered that it is the depth to 
which a ditch will empty itself and not the depth to which it is 
dug that determines its efficiency. 

Usually the outlet ditch is not made too deep, but it is often 
made too wide. One ditch that has been observed was mado 
four feet deep and sixteen feet wide, because the dredge used 
could not make a narrower ditch. The result was that during 
the normal summer flow, a stream about two feet wide shifted 
from one side to the other on the wide l)ottom. The remainder 
of the bottom grew^ up with rank weeds, which, collecting sedi- 
ment during high water, is gradually filling up the ditch. A 
ditch with a four foot bottom and six feet deep would be more 
serviceable and durable. Dredge men unskilled at handling th*» 
dipper frequently find it easier to make the slopes almost verti- 
cal. This should not' be tolerated because with such slopes the 
banks are almost certain to fall in and to accumulate on the bot- 
tom of the ditch. A ditch six feet wide at the bottom, six feet 
deep and eighteen feet wide at the top (6x6x18) is more perma- 
nent than a ditch of the same depth and eighteen feet wide at 



• "Principles and Practice of Land Drainage," by E. R. Jones, Bul- 
letin No. 199, Wis. EIxp. Station. 
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the bottom and top. "With a small effort the slopes of the former 
ditch can be made smootli and sodded over to prevent erosion 
and growth of rank weeds. 

Shallow Surface Ditches, — Shallow surface ditches are those 
intended only to conduct surface water to deep ditches or to 
natural outlets. Since they are of u-e only during flood flow, 
they are dry most of the time and they may Jbe called "dry'* 
ditches. 

Forms and Size. — Except where a cutting has to be made 
through a ridge they seldom need to be more than two feet deep. 
With rounded bottoms and a top width of ten or twelve feet the 
slopes are such as to admit of crossing with teams, vehicles, and 
implements. Where the slopes and bottom are sodded, the ap- 
pearance is improved and the grass growing in them may be 
mowed for hay. Shallow ditches along permanent fences, wher«* 
they will be out of the way of cultivation may be made narrower 
and with steeper side slopes. 

All that has been claimed for deep outlet ditches is that they 
are the first step in the reclamation of a humus marsh. They 
stand ready to carry off the water brought to them, but are slow 
to reach out after water. The logical way of developing a humus 
marsh is as follows : Co-operate with your neighbors in organiz- 
ing a drainage district and put in a deep outlet ditch. Then 
along forty lines or property lines put in shallow surface ditches 
one foot deep at the head and perhaps three feet deep where they 
empty in the deep ditch. Then plow the adjacent fields in nar- 
row lands so that there will be dead furrows every four rods 
leading into the shallow ditches. Such a net work of surface 
drains with a deep ditch for an outlet will afford sufficient drain- 
age to raise timothy hay on the area. When it seems advisable 
to put in covered underdrains, other crops may be raised. Small 
ditches with dikes on the side toward the marsh are frequently 
used to protect marshes from flood water. The dike may be 
made of the earth excavated. 

Cost. — The construction of the vast majority of deep outlet 
ditches requires the use of steam or gasoline dredges. The cost 
of hauling a dredge from the railroad station to the marsh, 
and that of putting it together and tearing it apart is the sbxoh 
whether the ditch be long or short. Large contracts are fre- 
quently taken for seven cents a cubic yard. The rate for small 
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contracts is sometimes twice that figure. At ten cents a yard a 
6x7x20 ditch costs about $1,700 a mile. Peat can be handled 
for less money than either sand or clay. 

The cost of shallow ditches can be materially decreased if a 
dry time is chosen for their construction. "Where team and 
jcraper or a road grader can be used, a depression two feet deep 
and ten or twelve feet wide at the top can be made for thirty 
cents a rod. 

Causes of Failure. — It is evident, that three of the causes of 
failure in the reclamation of humus marshes are: (1) shallow 
ditches have been put in without first providing a deep ditch for 
an outlet; (2) deep ditches have been put in without afterwards 
putting in shallow ditches for feeders; and (3) some well drained 
marshes have been poorly managed. 

Deep and shallow ditches should be given an opportunity to 
work hand in hand. Neither is complete without the other. 
Land owners who have expended five dollars an acre for a deep 
outlet ditch, lose a large part of its value by refusing to expend 
two dollars an acre more upon surface ditches for feeders, or u 
iprreater amount for tile where deeper and more permanent drain- 
age is desired. 

Crops. — Having properly provided for removal of surplus 
water by suitable drainage system as outlined above, the ques- 
tion of crops adapted and fertilizer requirement is in order. It 
may be stated at the outset that the marsh tracts of this section 
diflFer in some respects from similar tracts in adjoining states. 
Some of the peat here is not so well decomposed — not so muck- 
like, — and not so deep as those of neighboring states. The crops 
to which Wisconsin marshes are adapted likewise differ. Of 
course the location being further north, likewise exerts an in- 
Huence on plant growth not always given due weight. 

The best crop thus far tried on Wisconsin marshes for the 
first year or two is buckwheat. The marsh is plowed to a depth 
of 6 inches or so and disked up and seeded to buckwheat at a 
rate of 1 bushel per acre. After first or second crop of buck- 
wheat the field may be seeded to alsike and timothy or red top 
and if a system of farming is followed that requires much hay 
the marsh land can very profitably be devoted to that purpose. 
It will, of course, be necessary occasionally to turn up the sod 
and seed to some grain crop to establish new growth of seeding 



86 SOIL SURVEY OF NORTHWESTERN WISCONSIN, 

again. Yields of two tons of hay per acre are not uncommon 
when this type of land has been properly managed and cared 
for. 

If grain crops are desirable, barley has been found preferable, 
and also corn where climate is favorable. Oats was found to do 
wonderfully w^ll in some areas. Trucking crops, such as pota- 
toes and cabbage, have proved Fuccessfull as well. 

To maintain maximum yields addition of fertilizing material 
is essential. Practically all the marsh lands with possible ex- 
ception of those in Polk county are sour or in an acid condition. 
They aLso require both phosphoric acid and potash fertilizer. 
Wood ashes where these can be obtained in unleached condition, 
are a cheap and excellent fertilizer to supply the potash. Thry 
may be applied at rate of one ton per acre and should be har- 
rowed in thoroughly. When wood ashes are not available the 
imported potash fertilizer should be used. 

To supply the phosphorus* needed the ground rock phosphate 
is preferable, although ground bonemeal also gives good .satisfac- 
tion W'here tried. The ground rock phosphate may be added in 
the fall of the year at the rate of one-half ton per acre for the 
first application, and smaller amounts later. If the bonemeal is 
used, 300 pounds per acre are sufficient. Application of phos- 
phate need not be repeated for three or four years. 

The additional supply of nitrogen fertilizers has shown no 
marked improvement in crop yield. The peat marshes wdth 
their large supply of organic matter usually afford more than 
enough nitrogen in a form available to plants. "Wherever bani 
yard manure is available on the farm it can be added with profit 
Where this is done, purchase of commercial fertilizers is unneces 
sary. As a rule, however, it is best to use the manure on the 
ordinary soils of the farm where a complete fertilizer is needed, 
and to apply a s|^ecial mineral fertilizer of phosphate and potash 
to the muck soils. 

In the Newer Poriion. — ^\\'ith out over land in the northern 
part of the state J^elling for about fifteen dollars an acre, the 
greatest factor in determining the value of cleared land is the 
cost of removing the stumps, slashings and stones. Assuminc: 



* For a more complete discussion of the management of marshland 
solte, see BuU. 205, which may be had on application to the College 
of Agriculture, Madison, Wis. 
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this to vary from ten to forty dollars an acre, the total cost of 
cleared upland ready for the plow is from twenty-five to over 
fifty dollars an acre. Open peat marshes, those containing no 
wood or brush, can he bought for from three to five dollars an 
acre. For ten dollars an acre M-ith a combination of deep and 
shallow ditches they can be drained to a degree that will permit 
the growth of timothy hay. They can be plowed immediately 
after drainage at a cost not greater than that of breaking up- 
land. Assuming farther that the fertilizer requirement of the 
marsh soil can be supplied for a few years at least very cheaply 
in the form of wood ashes from the saw' mills or from the burned 
brush piles of the upland, the settler in northern Wisconsin can 
make tame hay land out of peat marishes for le«s than half the 
average cost of doing the Fame with upland. It is probable, 
however, that for the production of the cereals, it is better for 
the prej^ent to clear upland, than to attempt the more complete 
drainage of the humus marshes that would be necessary for 
this purpose. 
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CHAPTER IV. 
AGRICULTURE. 

. HISTORICAL. 

This area like other portions of central and northern Wis- 
consin, was originally covered with much hardwood and pine, 
the latter being especially abundant on the sandy lands alon^ 
the rivers. Only in the western part of the area, mainly in St. 
Croix county, thinly wooded and prairie lands occur. It wa« 
the pine lumber industry that first attracted the permanent set- 
tlers to the area. The location of saw mills around which vil- 
lages and cities were built were the centers from which the agri- 
cultural development later proceeded. 

The pioneer lumbermen came in from the south, up the Mis- 
sissippi river and its main tributaries, the Chippewa and the St. 
Croix. Before the railroads penetrated the area the logs and 
sawed lumber were floated or towed down the river in rafts. To 
a certain extent this mode of transportation is still used, though 
the more rapid shipment by rail is now the usual method. 

For a number of years lumbering was the leading industry o^ 
the area. For the last 15 or 20 years, however, agriculture has 
been in the lead and is steadily growing in importance. 

Fdrst Settlements^. — Long before the first permanent settle- 
ments were made in this area the region had been visited by ex- 
plorers and fur traders. Father Hennepin visited the Sioux 
Indians at St. Croix Falls as early as 1681. **Fort Beau Har 
nais'* trading post was built on Lake Pepin in 1793. Jonathan 
Carver went up the Chippewa river as far as Chippewa Falls in 
1767. 

The first permanent settlement in the area was made in 1828 
when a saw mill was erected at the mouth of Wilson Creek, the 
present site of Menomonie. As early as 1839 three mills were in 
operation in the vicinity of Menomonie. St. Croix Falls was first 
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settled in 1837, and Chippe\i'a Falls in 1839. A saw mill at 
£au Oalle was built in 1840. A saw mill was built at Osceola 
in 1842 and a grist mill in 1848. Hudson was first settled in 
1840 and the first farm opened there in 1841. Eau Claire was 
first settled in 1845. Settlers located in the vicinity of Pepin 
in 1846, at River Falls in 1848, and at Arkansaw in 1852. The 
first logging in Barron county was carried on in 1848 and the 
fin&t farm opened in the southern part of the county in 1855. 

Early Transportaiioii. — Before the advent of the railroads, 
steam boats ascended the Chippewa river as far as Eau Claire, 
and ascended the St. Croix river as far as St. Croix Falls. River 
trafSc on the Chippewa was abandoned soon after the railroads 
reached Eau Claire, but river traflBc is still important between 
Stillwater and Hudson and various ports on the Mississippi. 
Occasionally excursion boats go beyond Stillwater to St. Croix 
Falls. 

The first railroad, now the C. St. P. M. & 0. R., reached the 
area in 1870. The present C. St. P. M. & 0. R R. railroad con- 
nection betw€en Chippewa Falls and Eau Claire was made in 
1875, and the Wisconsin Central, now the *'Soo'* line reached 
Chippewa Falls from Abbotsford in 1880. The railroad was 
built from Eau Claire to St. Paul in 1871-2. 

Population, — The growth in population in the nine counties 
of the area since 1860 is shown in the following table : 

Table XXII Population of the area from Wiu to 19 10 (U. S. Census). 



County. 


18tk) 


1870 1880 

1 


189) 


1900 1910 


Chippewa 


1,805 
3,162 
2,704 


8.311 

1",76« 

9,488 

4,66» 

9.958 

11,035 

3.422 

538 


15,491 
19,993 
16,817 

6,226 
17,744 
18,956 
10.018 

7,024 


25, 143 


33.037 32.103 


Eau Claire 

Dunn 


30.673 1 31,692 32,721 
22,664 25.043 25,260 


Pepin 


2.ilP2 


6.932 1 7.905 7.577 


Pierce 


4,672 

5.392 

1.400 

13 


20,385 ' 23.943 22,079 


Ht. Croix 


23.139 ; 26,830 25 910 


Polk 

Barron 


12,968 1 17,801 21 367 
15,416 23,677 29.114 


Rusit* 




11,160 
















2I,ti30 


- 58,180 


112,269 


157,320 189,928 


207,291 



*Ru8l< county was oriranized from Chippewa county In 1901. 



The table shows an increase of population for the entire area 
from 21,630 in 1860 to 207,291 in 1910. From 1860 to 1890 
the increase in population was due to the development of lum- 
bering as well as agriculture. Since 1890 the increase is largely 
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due to the steady growth in agricultural population. The rural 
population of the southern and well settled counties, Eau Claire, 
Dunn, Pepin, Pierce, and St. Croix has remained about station- 
ary since 19(X). The northern unsettled counties, such as north- 
ern Chippewa, Rusk, Barron, and Polk show a steady increase. 

Nativity of Fopulation,—:Most of the population of the several 
counties is native born. The following table compiled from the 
state een&us of 1905 shows the source of the population : 

Tablb XXill.—yatititi/ of population, state census, 1905. 



County. 


Total 
popu- 
lation, 


Natl re 
bom. 


Ger- 
many. 


Nor- 
way. 


Swe- 
den. 


Den- 
mark. 


Can- 
ada. 


Ire- 
land. 


Barron 


28,376 
32.000 
26,074 
as.519 

7.569 
?3.433 
ao.8ii5 
26.716 

9.748 


21.225 

24,862 
20,570 
25.893 

6,182 
18,851 
15.035 
20,640 

7.824 


1,226 

2.200 

1.857 

2.609 

249 

872 

647 

1.U24 

328 


2.648 
1,766 
2.509 
2,847 
54 
1,364 
1,397 
2,208 
343 


911 
233 
219 

280 
J>78 
1.152 
2.126 
536 
226 

• 


205 

122 

106 

99 

""224' 
1 1.141 
347 
69 

I 


713 

1,633 
306 
938 
121 
251 
346 
602 
484 


67 


Chippewa 


251 


Dunn 


99 


Eau Claire < . 


253 


Pepin 


29 


Pierce 


203 


Polk 

St. Croix 


52 
556 


Rusk 


17 


« 





The population is largely native born. The lowest percentage 
of native boni is in Polk county, and the highest percentage is 
in Rusk, Pepin and Piert?e. A large portion of the native born, 
however, from one-third to two-thirds, is of comparatively recent 
foreign parentage. The table shows that in all the counties ex- 
cept (/hippewa the most important foreign element is Scandina- 
vian. Of the Scandinavian element, the Norwegian predomi- 
nates except in Polk county where the Swedes are more promi- 
nent. In Chippewa county the Germans are the most importan^ 
foreign element, with Norwegians second, and French Canadians 
third. The Canadian element, mainly French Canadian is also 
important in Eau Claire, Barron, St. Croix and Rusk. The 
Dane.> are important in Polk, and there are numerous Irish in 
St. Croix. 

General Conditions of AgrunVxirar Development. — Certain 
parts of the area in Pepin, Pierce, Dunn and Eau Claire coun- 
ties, are well settled, the earliest farm settlement dating back 
50 to 60 years. Other parts, especially in the northern portion 
in Polk, Barron, Rusk and Chippewa, though having in general 
equally as good soils, are still covere<i with large areas of dense 
hardwood forests. The soil map of the area showing the distri- 
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bution of wa^cn roads, expresses fairly well the distribution of 
the well settled and the very thinly settled parts of the area. 

Proportion of Culiivatvd ami VncuUivated Lands. — The fol- 
lowing table givts the total land area in each county and als'j 
the amount of land under cultivation in 1885, 1895 and 1905. 
The percentage of total land under cultivation, according to cen- 
yus of 1905 is also given: 

Table XXW.-Cultirated land. 



Counties. 


Total land 

areaitf in 

1000 a<*res. 


Cultivated 

land in 18S5 

1000 acres. 


Cultivated 

land in 189) 

1000 acres. 


Cultivated 

land in 1905 

lUW arres. 


Percentage 

of total 
land under 
cultivation 

1905. 

< 


Barron 


561 
654 

540 
396 
152 
317 
597 
455 
58J 


43 

91 
136 
111 

45 
135 

6;s 

207 


79 
131 
175 
HI 

54 
158 

83 
228 


138 

169 
218 
166 

62 
189 
124 
252 

16 


24.2 


Chippewa 


25.9 


Dunn 


40.4 


EauClairn 

Pepin 

Pierce 


41.9 
40.9 
51.6 


Polk ,.. 


20.8 


St. Croix 


55.5 


Kusk* 


2.8 











*Ruak. a part of Chippewa county until 1901. 



This table shows the steady growth of agriculture in all the 
I'ountiei of the area. The county showing the greatest improve- 
ment between 1895 and 1905 is Barron, with Dunn second and 
Polk third. St. Croix county has the largest percentage of land 
under cultivation with Pierce second and P^au Claire third. 
Rusk county, only recently set off from northern Chippewa has 
only a small percentage of its area under cultivation. 

Farm Buildings. Occasi(;nally log houses are built in the 
newe.t settlements, but usually the farm homes are the ordinary 
lype of frame structures. In all the better settled areas, new 
frame hou>es much more pretentious than those first built, 
have been constructed. TIoiis(\^ of ])rick have been built in many 
localities, but are not abundant. A very large number of the 
bams are of the stone basement type. Silos are not abundant 
but are gradually being Imilt as the interest in dairying in- 
creases. 

Price of Farm Lands, The value of cleared lands varies con- 
siderably in the area depending upon character of soil and also 
the general location. The best class of farm land is generally 
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held at from 50 to 80 dollars per acre. Some lands, however, 
are held as high as 100 dollars per acre. Much of the lightest 
sand land is held at 20 to 40 dollars per acre. Good farm 
lands without improvements and with little or no merchantable 
timber, generall}' vary at present (1910) from 8 to 20 dollars- 
per acre, the price depending upon accessibility by rail and 
wagon road, as well as upon character of the soil. 

Crops. All the important common crops are grown in the 
areas. The following table shows the production of the im- 
portant grain crops in 1904 from the latest available statistics. 

Table XX[[. — Table ahoieing acreage and production of grain in 1904. 



Barlby. 
County. I - 



Barron 

Chtpuewa 

Dunn 

Eau Claire 

Peuln 

I 16 a Co ••••••••• 

St. Croix 

Husk 



A 


B 


3.5(12 


91. 


1.952 


54, 


4,674 


124. 


4.152 


131. 


8,vr2t 


279, 



BrcK- 

WHBAT. 



B 



35,023 1,075, 

4,024, 120, 

15,753; 447. 

151 1 4. 



893 
427 
218 
01)3 
3il 
79i» 
054 
8HJ 
97i 



1.114 
95^» 



17,3^0 
I0,39.»i 



1,812120,391 

2,510i34.885 
2)« 3.041 
158' 2.270 
201 3,029 
tkV2 10,105 
n& 1,852 



Corn. 



3,242 
10.792 
20,203 
14.H54 
I 9,740 
15.873 

6.022 

14,148 

273 



B 



Oats. 



76.9591 
?0^,732 
777. 2iH; 
38i).86l| 
2VI8.204I 
4iV7,.307 
143,338 
318.781 
7,740, 



B 



31,574 1. 
42,584 1, 
1 57. 992.1. 
47,009 1, 
113.489 
]49. 138,1, 
;:«}. 62611. 
93, 163 3. 
1.308 



145,025 
742,0>»8 
953.278 
t588,520 
499.215 
973,673 
391,050 
270.522 
46.573 



Rtb. 



1.245 
1.913 
4,8<» 
5.427 
2,198 
4.789 
1.235 
5,44£> 
51 



B 



Whkat. 



22,706 
28.114 
57.111 
66,942 
24,257 
85.035 
19.787 
93,356 
896 



B 



3.073151,542 
2,177 33.542 
3.862 50,636 
4.556 iH. 106 



1,810 

4.847 
3.120 



27.627 
80.538 
58.914 



3,^4 51.501 
rS^. 1.560 



The most important grain crop in the area, in acreage and 
bushels is the oat crop. Prom one to three million bushels were 
grown in each of the counties except Pepin and Rusk. St. Croix 
is one of the leading counties in the state in the production of 
oats, usually ranking among the first two or three counties. 
The acreage and production of oats in 1904 was approximately 
double that of 10 years earlier. 

The next crop in importance is com. Dunn county leads in 
the production of corn with Pierce second and Eau Claire third. 
The increase in the production of com has not been important 
in the past 10 years. 

Barley is next in importance in the area though wheat is 
more important than barley in many of the counties. Pierce 
county leads in barley, producing over one million bushels in 
1904, almost as much as the entire remainder of the area. 
Pierce is one of the leading counties of the state in barley. 
There has been a considerable increase in production of barley 
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in the past 10 or 11 years. St. Croix is seeond in barley and 
Pepin third in the area. 

The wheat crop is relatively unimportant in the area at pres- 
ent though fi-om 20 to 40 years ago it was the leading grain. 
At present Pierce leads in wheat, with Eau Claire second and 
Dunn third. At an earlier period St. Croix was the leading 
wheat county and was very important in wheat raising. There 
has been a steady decline in wheat raising in all the counties 
of the area since 1885. In 1885 St. Croix raised 1,807,985 
bushels of wheat and in 1905 only 51,591. 

Rye and buckwheat are relatively unimportant crops. The 
production of rye like that of barley has greatly increased in 
the area. 

The potato is an important crop in Chippewa, Barron and 
Dunn counties. In these three counties the production has 
Dearly doubled in the past 10 or 15 years. On the other hand 
the production in the other counties except in Eau Claire, 
shows a decreaKC. The potato is grown mainly on the sandy 
loam soils of the area. 

Tablib XXIII. — Arreagc and produrtitfH of potatoes ISS't -liuhl . 



County. 



Barron 
Chippewa. 

Donn 

Eau Claire 

Fepin 

Pierce 

Polk 

St. Croix... 
Kusk 




1895. 



Acres. BusheK. 



760 
1,298 
1.344 
1.108 

44U 
1,098 

875 
1.581 



86,441 
153.4(H) 
144,373 
133 tf:j() 

42,773 
137,7-2« 
103.772 
180,022 



3.164 

3.810 
3, 898 
2, 4i»5 
592 
2.266 
3.m)2 
3,643 



151,002 
161.782 
1M>, lvS6 
124.040 
21.631 
115.327 
107.818 
142,303 



1905. 


Aci-es. 


Bushels. 


5,962 


614,. 336 


6,179 


779,509 


5,474 


602,678 


2.538 


367.465 


351 


43,270 


1.369 


162. 154 


23.30 


192.679 


1,701 


164,632 


501 


55,995 



Among the special crops, sugar beets, tobacco, pease and com 
for canning are grown in various parts of the area. Tobacco 
is grown on the sandy loam soil in the vicinity of Chippewa 
Falls and Colfax and in various other localities in Chippewa, 
Barron and Dunn counties. Sugar beets are grown in Chippewa 
county, and to some extent in Eau Claire and Barron, the crop 
being worked up in the large sugar factory at Chippewa Falls. 
Pea canning factories are located at Chippewa Falls, Barron 
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and Rice Lake and a considerable aereagre in pease for c^nnin;; 
has been developed in tbe^e loealities. 

Hay. The hay crop is an important one and has more than 
doubled in acreage and tons in the last 10 year period. The table 
shows the statistics for the census years of 1895, 1900 and 1905. 
Hi. Croix has the largest acreage in hay with Barron county 
second and Chippewa third. Barron county, however, raised 
the largest number of tons. 

Table XXIV — \creage and production of hay. 



1895. 


[»y. 


U. 8. Census 1900 (1899). 


1905. 




11 


1 
Wild. 


1 

Clover. 


Other tame 
firranses. 


Hay. 


County. 


< 


1 . 
•/I 

c 




i 

< 


• 

•r. 

c 


 

w 1 o 


i 

< 


c 



< 


9i 




Rurron 




21.349 

28.82U 
35.70l> 
30.628 


2.513 
2,798 
3.390 
5. 7'i2 


3.44.0 
3.902 
7. '.'2: 


861 1.175 
3,791 5.149 
3,639 5.028 
4.079 5,927 
1,6di> 2,46i 
3.514 5.811 


42.847 
, 44,913 
39.570 
26.033 
7,737 
311.226 
32,0t& 
53.924 


51.096 
52.561 
47,009 
31,149 
10,218 
42.204 
39.438 
58.538 


53.808 
51.391 
49.587 
39,178 
10,083 
34,7ii3 
47,^4 
59.274 
7,756 


80.930 


ChlDuewa 




77.8te 


Dunn 




7»'.045 


Eau Claire. . . . ' 


58.126 


Penin 




9,304, 740' 9311 
32. 561 1 1.293 1,376 
24,1"4 4.645 5.350 
34,18>' 2,680' 3,026 

1 


16.351 


Pierce. 




58.747 


Polk 




1,0:4 
1.960 


1,697 
2.646 


6('.501 


Ht. Croix 




77,347 


Kusk 




12,447 








23.811 




20.574 




' 1 




1 

1 
1 




216.663| 


28.138' 


29.995 


277.315 


332.213 


353,094 


527.359 



The table show.s that the production of hay increased nearly 
4 times in the past decade in Barron county; nearly three 
times in Polk and Chippe\v:a, and about two times in the other 
counties. The increase in the production of hay follow close- 
ly the increa.«ed deveh>pment of the dairy industry in the several 
counties of the area. In the statistics compiled from the l\ S. 
Census of 1900 it is interesting to note the tonnage of wild hay 
and of clover. Clover is an especially valuable crop grown in 
rotation with grains, in order to supply nitrogen to the soil. 
Eau Claire leads in the acreage of clover, with Chippewa sec- 
ond and Dunn third. The grain raising counties, especially St. 
Croix and Pepin do not make a good showing with regard to 
clover. In all the counties an increase in the acreage of clover 
ought to be made. 

Dairying, Dairying is an important industry in all the coun- 
ties of the area. The value of dairy products exceeds that of 
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total grain in Barron, Rusk and Polk. In Chippewa the total 
value of grain is slightly greater than that of dairy products, 
and in the remaining counties grain considerably exceeds the 
value of dairy products. The value of the oat crop alone great- 
ly exceeds the value of dairy products in St. Croix, and the oat 
iTop or barley crop alone are almost etiual to the dairy products 
in I'oik, Pierce and Pepin counties. 

In all the counties, however, there has been a great increase 
in dairying in recent years. The number of milch cows, and 
also the product and value has more than doubled in the last 
ten year period. The greatest increase is shown by Barron, 
with Polk, second, Chippewa third and Dunn fourth, as shown 
in the accompanying table. 

Tablb XXV. — Table of dairy HtatUtien. 



County. 



1885. 



Milch cows. 



Barron. .. . 
Chippewa.. 

Dunn 

Rau Claire. 

Pepin 

Pierce 

Polk 

St. Croix... 
Rusk 



5,785 
7.143 
8.758 
H.115 
3.275 
8.421 
7.988 
10,540 



Value of 

dairy 
products. 



1905. 



174.584 
122,968 
142,600 

138. ne 

44,!'63 
177,ti57 
106,495 
138.579 



Milch cows. 



17.767 
17.417 
20.944 
14.270 

5,371 
16.383 
19,683 
18.877 

2.328 



Value of 

dairy 
products. 



S549.476 
5i)2. 182 
624,435 
448,987 
165,664 
516.MW 
585,2.V2 
6H5.0n8 
143, 13e 



The statistics in regard to amount and value of dairy products 
for 1895 are sufficiently complete for purpo:?es of comparison 
with 1905. The increase in dairying, however, is best shown by 
the increase in number of milch cows between 1895 and 1905 
in the various countie.«. While dairying will {^teadily increase 
in importance over the entire area in the future, it is quite likely 
that the greatest increase will take place in the iTorthern and 
eastern counties where the soil conditions for grain raising are 
not so favorable as in the southwestern part of the area. Dairy- 
ing, however, should h^ encouraged and developed as rapidly 
as possible in the southwestern counties as an important means 
of maintaining the fertility of the soil in connection with the 
extensive grain raising. 
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Live stock. Live Slock such as hogs, cattle and sheep is an 
important source of farm revenue. The value of live stock sold 
in 1904 is shown by the following table: - 

Table XXV'. -Value of lire Mtock sold and eonnumfd, and ralue of icool, 

in 1904 State Censug, 190'». 



Counties. 


Cattle and 
calves. 


Hoffs. 


Sheep. 


Wool. 


Barron 


$140,574 

1 27.633 

158,590 

84.685 

37.616 

211.541 

170.064 

213.946 

22,261 


I87.063 
128 288 
278.385 
140,622 
124.209 
194.837 
104,923 
150.301 
0,880 


S19.700 
8.406 

20.425 
6.016 
5.583 

47.505 
8,903 

21.145 
1.617 


S13,803 


ChlDD©wa 


0.0SI7 


OUDIl 


22,2r2 


Eau Claire 

Pepin 

Pierce 


5.089 

7.650 

49.570 


Polk 


8,548 


St. Croix 


21.783 


Rusk 


1.355 








1.176,822 


1,222.538 


130,570 


140,007 



From the table it may be seen that the annual revenue from 
the sale of hogs only slightly exceeds that of cattle in the area. 
The most important county for hogs is Dunn, and for cattle is 
Pierce. Pepin county ranks highest in hogs in proportion to 
the size of the county. Sheep and wool is not important as 
compared with other live stock. Pierce is the leading county 
in sheep, the value of sheep and wool sold in 1904 being $97,075 
more than doable that of any other county, and amounting to 
more than one third of the entire area. Pierce also usually 
ranks among the first two or three counties in the state in 
sheep and wool. 

In addition to the crops already mentioned all kinds of garden 
truck are grown, and also an abundance of the common small 
fruits such as the strawberry, raspberry, blackberry, currant 
and gooseberry. Of the tree fruits the hardy varieties of the 
apple and the plum are grown succe sfully. 

Transportation and Communication. Each of the counties of 
the area is well supplied with railroads, and telephone lines, and 
rural mail routes. In the well settled parts of the area good 
roads prevail, and in the thinly settled parts graded roads are 
built to new settlers as needed. In the vicinity of Eau Claire, 
some of the sandy roads have been greatly improved by the 
use of shale. 

Markets. The leading cities with their population in 1910 are 
aa follows: 
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TABLE XXVI.—POPULATION OP CITIES OP THE AREA. 



Eau Claire 

Chippewa Falls 

Menomonle 

RlreLake ' 

Hudsoa 

!«Ujiley 

La(i>'smith 

RiTer Falls 




New Richmond 

Ourand 

Barron 

Cumberland.... 

Bloomer 

Ellsworth 

Sprlnsr Valley.. 
PresK'Ott 



1,968 
1,503 
1.449 
1,445 
1,204 
1,005 
972 
036 



Smaller cities and villages are distributed over the entire area 
and afford ample means for trade. 

Ff/resi Conditions, — The valuable standing timber at the pres- 
ent time is in the northern and northeastern part of the area. 
Mo>t of the pine forest was removed from 20 to 40 years ago, and 
very little or no pine is now left. Hardwood and hemlock for- 
ests of merchantable lumber, however, are abundant in Rusk, 
northeastern Chippewa and in the northern parts of Barron 
and Polk. There are some small tracts of good hardwood timber 
still remaining also in the eastern part of Pierce, southwestern 
part of Dunn and in the northeastern part of St. Croix. The 
hardwoods conjiist mainly of oak, maple, birch, bassw^ood and 
ash. 
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APPENDIX. 

I 

CORRELATION OF SOILS OF NORTH WESTERN WIS- 
CONSIN AND OF NORTH CENTRAL 

WIS(X)NSIN. 

The area of North Central Wisconsin, a preliminary soil sur- 
vey of which was completed in 1903, lies immediately ea^t of 
North W^estern Wisconsin along the eastern boundary of Eau 
Claire, Chippewa and Rusk counties. 

In each of the areas, 14 soil types are distinguished and 
shown on the maps of the respective areas. While the number 
of soils mapped in the two areas is the hame, the soils in the 
two areas differ in many respects. 

The soils in the two areas are unlike on account of certain 
differences in the geological formations. The North Central 
area is very largely a region of granitic rock, with no lime- 
stone formations and no Icess deposits. The North Western 
area on the other hand contains considerable areas of limestone 
and loess and while it also contains some areas of granitic rock, 
no typical residual soils on granitic rock are developed. Both 
areas, however, are alike in being covered with glacial drift and 
alluvial deposits. 

Three soil types developed on the glacial drift, the Colby 
silt loam, the Chelsea loam, and the Kennan silt loam, are com- 
mon types in both areas. The Marathon loam and the Mosinee 
gravelly soil, residual soils on the crystalline and granitic rocks, 
occur only in the North Central area. The Hartland silt loam, 
loess soil, and the Cushing loam and Baldwin silt loam, devel- 
oped on limestone or limestone drift, occur only in the North 
West area. 

Three phases of alluvial or bottom land soils are mapped in 
each area. Of the alluvial soils, the Rice Lake loam corresponds 
cloicly to the Antigo loam, the Chetek sandy loam corresponds 
closely to the Bancroft sandy loam, and the sterling sand cor- 
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responds closely to the Wisconsin River sand. The Meridean 
sandy loam, the type on the lowest terrace of the alluvial bot- 
tom, IS not mapped separately in the North Central area. 

The Auburn loam, residual soil developed on the sandstone, 
is an important soil in the North West area and corresponds 
only in a general way to the Mentor sand and Cary sandy loam 
of Clark and Wood counties. The Mentor sand and Gary sandy 
loam consists of both upland and bottom land soils while the 
Auburn loam is a type of upland soil, on sandstone and shale 
associated with loess deposits. 

The Milltown silt loam of Polk county has no closely corres- 
ponding type in the North Central area. The Thornapple 
sandy loam in Chippew^a County, and the Harrison sandy soil 
in Lincoln county, and Amherst sandy loam in Portage and 
Marathon are phases of drift soils. 

Three of the soil types on the glacial drift, the Kennan silt 
loam, tlie Chelsea loam, and the Colby silt loam extend across, 
as mapped, from the North Central area into the North West- 
em area. Owing to the fact that eastern Chippewa county is 
fairly well opened up to farming at present while the western 
part of Taylor county was wholly unsettled at the time of the 
survey of the latter, the separation of the Kennan silt loam 
from the Chelsea loam in eastern Chippewa county has been 
made with greater detail than it was in Taylor county. The 
Kennan loam in Taylor county extends farther south, includ- 
ing a considerable larger portion of the region about Gilman 
than is shown on the soil map of North Central Wisconsin. In 
the next edition of the soil map it will be possible to make a 
more detailed survey of the soils in western Taylor county. 

Owing to the fact that loess is of general occurrence over the 
sandstone of Eau Claire county, as well as to the fact that the 
sandstone itself contains much shale or clay, the soils of Eau 
Claire county differ considerably from those on the sandstone 
of western Clark county where these deposits are not developed. 
Both the sandstone upland soils and the bottom land soils in 
Eau Claire county as well as other parts of the North Western 
area are mapped with much greater detail and on a somewhat 
different basis than the soils of western Clark county. In gen- 
eral the Mentor sand of western Clark county corresponds 
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closely with the Sterling sand, the former, however, contains 
sandy uplands as w-ell as sandy bottoms, whereas the latter 
type includes only the sandy bottom soil. The Carey sandy 
loam of Clark county corresponds closely to the Auburn loam of 
Eau Claire in character of soil, though the former includes 
bottom lands as well as uplands, whereas the Auburn loam in- 
cludes only the upland soils. 

The Auburn loam type associated with occasional deposits 
of loess soil extends over a small area about Humbird on the 
western border of Clark county. In the next edition of the soil 
map of North Central Wisconsin a more detailed classification 
of the soil in Avestern Clark should be made. 

The various names of the soils in both the North Central and 
the North Western areas are of local derivation and are applied 
only provifeionally with the plan in mind that probably other 
names will be used for these soils at some future time when a 
detailed survey of the soils of the entire state is completed. 
The soil names used in the U. S. Bureau of Foils classification in 
the detailed surveys of the southern counties of the state will 
probably supercede many of the names used in the recon- 
noissance surveys of the northern parts of the state. 
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PREFACE 



The Wisconsin Geological and Natural History Suney is car- 
rying on a soil survey of Wisconsin in cooperation with the U. 
S. Department of Agriculture and the College of Agriculture of 
the University of Wisconsin. The primary object of this sur- 
vey is to make an inventory of the soils of the state; to secure 
knowledge of the kinds of soil, their physical and chemical 
qualities, and the area and distribution of each kind. In the 
reports of the soil survey, therefore, the soils are described, 
classified, and mapped, as is done in the present report of the 
survey of Marinette County. 

In the northern and more sparsely settled portions of the 
state the survey is of a rapid and general character, and 
is termed a **reconnoissance survey." In those portions of the 
state where substantially all of the land is in farms, the survey 
is carried on with much greater detail. 

In the course of the reports on the soils of different areas 
freneral statements arc made regarding the use and treatment of 
types of soil. These statements are carefully considered and 
are correct in the light of present knowledge. But it is plain 
that they cannot he based on careful study and experiment on 
the particular soils with which the report deals. Such an in- 
vestigation must be carried on by the College of Agriculture 
after the survey has been completed and a general knowledge 
of the soils has been obtained. It will take much time and 
many experiments to determine in detail the proper methods of 
maintaining and increasing the fertility of soils, and the crops 
to which they are best adapted. Meanwhile, the statements 
made in the reports give general advice which will be of service 
to the farmer. It must be remembered, however, that the main 
purpose of the report is to describe and map the soils of the 
county, or other area with which the report deals. Those who 
receive the reports sliould preserve them; to be used for ref- 
erence in connection with bulletins which the College of Agri- 
culture may issue later, and which will be specifically directed 
to the practical use of the soils. 
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By S. Weidman, 

Ut tbe Wisconsin Geological and Natural History Survey, 

AND 

Percy 0. Wood 

Of the I'nlted States Department of Aprlculture. 
DlOSCllIPTION OF THE AIIEA. 

Marinette County is situated in the northeastern part of the 
State of Wisconsin, lying adjacent to the southern end of the 
Upper Peninsula of Michigan, and separated from it by the 
Menominee River. It is bounded on the east and northeast 
by the Menominee River, on the north by Florence County, 
on the west by Forest and Oconto Counties, on the south by 
Oconto County, and on the southeast has about 15 miles of 
shore line on Green Bay, an arm of Lake Michigan. The 
county lies approximately between parallels 45° and 45° 45' 
north latitude, and meridians 87° 35' and 88° 25' west long- 
itude. Its greatest length is 58 miles from north to^south and 
its wudth varies from 24 to 32 miles. It is the third largest 
county in the State, containing 1,413 square miles, or 904,320 

acres.  , ^ , 4;iil 

The elevation of IMarinette County above sea level ranges 
from 580 feet on the shore of Oreen Bay to probably over 
1,500 or 1,600 feet in the northwestern part of the county. 
The Menominee River at tlie head of Big Quinnesee Falls, in 
the northern part of the county, has an altitude of 1,020 feet 
and descends to 580 feet at the harbor in Marinette. The 
Peshtigo River at the head of Taylors Rapids, in the west 
central part, has an elevation of 1,227 feet, and falls to 580 
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ftet at Peslititjo Harbor. The altitude o£ the railroad station 
at Marinette is 600 foet, Peshtigo 602, Coleman 708, Poun'l 
714, Beaver 662, Ellis Junction 67'), Wausaukc* 736, Ambert? 
S89 and Pemhine 968. 




The lopoRrjiphj' of Iho county varies from level plains t 
{:;en1ly iiiululalint; and rolling areas. The areas of level plain 



Thfi siirvpj-a of Marinette Co., of the North Western area, and of 
tile North Central area, Including Portage Co., may be obtWned on ap- 
plirallon to the WlaronBin Geol. & Nat. Hist. Survey, Madison, Wis. 
The Biirveya of Marinette Co., Portage Co., Racine Co., and the Janes- 
vllle, Viroqua, and Superior areas may he obtained on application to 
the I'. S. I)c|it. of Agrlrnltiire, Washington. D. C, or from the local 
Congressman or U. S. Senator. 
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and rolling lands alternate, their main direction being north- 
east and southwest. The streams, on the other hand, flow 
in a southeast direction, at right angles to the trend of the 
prevailing land features. In conformity with the general 
trend of the more prominent topographic divisions the small 
swamps and ridges have their longest direction northeast and 
southwest. 

The most prominent hills in the county are Silver Mountain 
and Thunder Mountain, both of which reach 400 to 500 feet 
above the suiTpunding country. Both these elevations are 
in the western part of Ihe county, Silver Mountain being in 
T. 34, K. 17, and Thunder :Mountain in T. 32, R. 18. 

The drainage of the entire country is toward the southeast. 
The tributaries of the Menominee River, which forms the 
northern and eastern boundary of the county, drain about 
three-fifths of the county, and the Peshtigo River and its 
tributaries drain about two-fifths. The principal tributaries 
of the Menominee are the Pike and the Peme Bon "Won. The 
principal tributaries of the Peshtigo are the various streams 
draining into Lake Nocque Bay and the Little Peshtigo River. 
There are many small lakes in the county, the most prominent 
of which are Lake Nocque Bay, having an area of 4 or 5 
square miles, and Coleman Lake, with an area of less than 
1 square mile. 

The stream valleys are relatively broad and sliallow; in 
only a few places are they deep and narrow. Rapids and 
waterfalls are common. In the western part of the county 
the Peshtigo River, from Taylor Falls to the Lower Sandstone 
rapids, falls about 550 feet in about 43 miles. This part of 
the river is characterized by numerous rapids from 10 to 40 
feet in heiglit. l^etween the rapids the descent is relatively 
slight. The Menominee and Pike Rivers also contain num- 
erous rapids. These numerous fall^ and rapids, which are 
almost entirely found in the area of crystalline rocks, make 
possible the development of a large amount of electrical power. 
\ $1,000,000 phint has recently been constructed at High 
Falls on the Peshtijro River for the purpose of supplying power 
to the city of Green Bay and the intervening country. One of 
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the largest wood-pulp mills in the country is located at Niagara, 
in the northern part of the county on the Menominee River, 
where a fall in the river is utilized for power. The water- 
power possibilities of northern Wisconsin are becoming more 
and more important and Marinette County will have no small 
share in this development. 

Marinette County lies in the great timbered area of north- 
ern Wisconsin, and agriculture is secondary to lumbering and 
the manufacturing of timber products. The original growth 
of white pine has been quite generally removed, as it was long 
considered the only timber worth cutting. Beginning about 
15 years ago, Norway pine, hemlock, and the various kinds of 
hardwoods, of which there are many in the county, such as 
basswood, poplar, birch, and jack pine, have been utilized. 

There still remain a few tracts of excellent pine owned by 
lumber companies in the northeast part of the area, and on 
the Coloma loam there is much fine hardwood, but aside from 
these areas the valuable timber lias very largely been cut. Some 
poplar and hemlock is used by the paper mills at Marinette, 
Menominee, and Niagara. 

As the process of removing tlie magnificent forest covering 
lias gone on, few settlers have entered upon agriculture, with 
the result that the county contains scattered settlements over 
the large areas of cut-over lands, awaiting the arrival of other 
settlers to turn the unoeeupied areas into prosperous farming 
sections. In addition to these cut-over areas, which at present 
are developing a growth of scrubby oak, poplar, and birch, 
there exist many cedar and tamarack swamps which some, 
day will also be made to contribute to the agricultural 
resources of the State. 

The earliest white settler in the region now comprised in 
Marinette County was an agent of the American Pur Co.. 
Louis Chappieux, who located on the present site of Marinette 
in 1796. He retained the monopoly of the fur trade until 
1822, on the arrival of William Farnsworth and Charles I\. 
Brush. 

Marinette County was organized from the eastern and soutli- 
eastern portions of Oconto County in March, 1879. The 
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county when first formed extended up the Menominee River to 
include township 38, and thus contained what is now the 
oastorn half of Florence County. Florence County was de- 
tached from Marinette and Forest Counties in 1884. 

The lumber business attracted the first permanent settlers 
to the county. The first sawmill in Marinette was erected in 
1832. The second mill, located at Twin Island, was built in 
1841. About 1854 to 1856 several mills were erected in Mar- 
inette and IMenekaunee, a suburb of Marinette. The original 
plat of Marinette was laid out and recorded in April, 1858. 
The first school was organized in 1857 and the first school- 
house erected in 1858. John G. Kittson, a clerk of the fur 
company in 1826, was the first man to break ground for a 
farm in the county. His farm and trading post were located 
at Wausaukee Bend on the Menominee River. 

Agriculture in the county was unimportant until within the 
eighties. The great tracts of pine land along the Peshtigo 
and Menominee Rivers, owned by the lumber companies of 
Marinette, Menominee, and Peshtigo, developed a highly pro- 
ductive business, which gave employment to all the early 
settlers of the region. The earliest farming in the county was 
begun about 1870 in the settloincnts of the Upper, Middle and 
Lower Sugar Bushes, in the southern part of the county, in 
what is now the town of Grover. 

The Peshtigo fire of October 1, 1871, in which about 1,000 
people lost their lives, was a decided blow to the development 
of the county. The fire followed a long period of especially 
dry weather and is a memorable day in the history of Mar- 
inette County. At that time about 300 families lived in the 
three Sugar Bush settlements. Only eight houses remained 
after the fire. The village of Peshtigo was the center of great 
devastation. The great tracts of thickly forested lands burned 
over in various parts of the county gave added impetus to 
clearing the land for farming in the next few years. 

In 1860 the population of the towns of ^Marinette and Pesh- 
tigo before the county was set off from Oconto County was 
1,044 and in 187r) it was 5,057. Since its organization the 
county, according to the State census, has reported the follow- 
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ing population: In 1885, 13,494; in 1895, 19,417.; and in 1905, 
33,730. The population in 1910, Tnited States census, was 
33,812. About one-half the population since 1885 has been in 
the city of Marinette. Of the entire population since 1885 
about two-tliirds has been urban and about one-third rural. 

Nearly one-half of the early sctth*rs were native-born Amer- 
icans. The most important foreign-born element was from 
Canada, of English and French extraction, in about equ<nl 
proportion. ^lost of the French C^anadians settled in the vil- 
lage of Peshtigo, and on farms about the village of Coleman. 
The important sources of immigration from Europe before 1885 
were Germany, Sweden and Norway, Great Britain, and Ir«*- 
land. Later the Polish became an important element. Bohe- 
mia, Austria, France, and Holland are also represented. In 
1905 the number and nationality of the important foreign- 
bom elements were as follows: Canadians, 2,288; Germans. 
2,257; Swedes, 1,667; Norwegians, 737; Poles, 757; Danes. 
315. 

Before the advent of public roads comnumication in the un- 
developed country was very difficult. The ^lenominee and 
Peshtigo Rivers were the natural higliways for the fur traders 
and the lumbermen. The supply roads of the lumber compan- 
ies leading out from Marinette, Peshtigo, and Oconto were an 
important aid to early communication. For years after the rail- 
roads were built into the county the floating of logs down the 
rivei-s to ]\rarinette and Peshtigo was the i)rincipal method of 
bringing the timber to the sawmills, and this is still an important 
means of transportation. 

From the time of earliest settlement in the county outsid(^ 
communication has been carried on bv vessels on Green Bav 
and the Great Lakes. The first railroad reached Marinett(» 
from Green Bay in 1871. The next year this road, the Chi- 
cago & Northwestern Railway, was built from ^Fenorainee to 
Escanaba. !Mich. The Peshtigo Lumber Co. at an early date 
built a railroad from Peshtigo to Pcslitigo Harbor, where it con- 
nects with a line of barges on the lakes. This railroad later 
developed into the Wisconsin & [Michigan Railway, extending 
through the northern part of the county. -In 1881 the Milwau- 
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kee Northern Railroad, now the Chicago, ^lilwaukee & St. 
Paul, was built through ('olenian, Wausaukee, etc., to comi'/ict 
with Ontonagon, Mich. It practically bisects the county in a 
north and south direction, and has the greatest mileagii of my 
of the roads in the area. In addition to these lines, the 
^linneapolis, St. Paul & Sault Ste. ^larie Railroad traverser 
the northern part of the county from east to west. The 
city of Marinette, the county seat of Marinette County, in «(1- 
dition to having three railroads, is so situated as to participate 
in the Great Lakes traffic, although the principal w^harves are in 
^lenominee, ]\Iich., which is about the same size as Marinette, 
and is situated on the opposite bank of the Menominee River. 

Marinette, population 14,610, is the principal town in tlie 
area, and is a thriving and prosperous little city, wiiich owes 
its origin and growth to the lumber industry, still the most im- 
portant business. Peshtigo, a town of a})out 2,500, is also a lum- 
ber town, and Wausaukee, the next in size, with about 1,200 
l)opulation, has a large sawmill as its most important feature. 
Aside from these local markets, together with ]VIenominee, Mich., 
the iron and copper country of upper ^lichigan furnishes a most 
excellent market for all kinds of farm products. Not only can 
Chicago prices be obtained in tlie copper country markets, but 
freight charges are paid in addition, so that the various vege- 
tables and small fruits, grown at present on a very limited scale, 
as well as potatoes, hay, field peas, and the like, arc readily dis- 
j)os(»d of. 

A county agricultural S(;liool, established in 1905, is located at 
Marinette. The school is maintained jointly by the State and 
county and is doing excellent w^ork in agricultural education. 
The general science of agriculture is taught and practical demon- 
strations in farm w^ork in its various phases are given. 

A substation of the State experiment station was established in 
1909 at Crivitz (Ellis Junction railroad station). The station 
is devoted to experimental work on crops best adapted to the 
sand soils an4 the general management of sandy soils. The 
results of the investigations will be announced as soon as com- 
pleted. 
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CLIMATE. 

Northern Wisconsin is famous for its ideal autumn weather. 
The summers, while warm during the day, almost uniformly 
have cool nights. The winters are long and usually dr>' and 
cold, snow often being on the ground from December to April. 
The following tables, compiled from the records of the Weather 
Bureau Station at Florence, Crandon, and Menominee, show 
the normal monthly and annual temperature and precipitation. 
Florence is about 15 miles north of the north central part of 
Marinette Countv, and Crandon is 18 miles west of the north- 
western part of ^Marinette County, the obser\'ations for Me- 
nominee, ^lich., are taken only a half mile from the city of 
^larinette, and are thus applicable to southeastern Marinette 
County. 

The climate of ^larinette County, like that of most of Wis- 
consin, is characterized by considerable range in temperature. 
The ameliorating influence of Green Bay and Lake Michigan 
on the southeast border of the county is important only from 5 
to 10 miles from the shore line. Sometim^^s a temperature as 
low as — 85° F. is reached in winter, while the mercuiy some- 
times passes the 100^ F. mark in summer, giving a range of 
135°. The coldest weather \isually occurs during the latter 
part of January and the first of February, and the warmest 
weather in July and August. 

The normal temperature for the winter months ranges from 
14.5° F., at Florence and Crandon to 18.6^ F., at Menominee. 
The normal for the spring is approximately the same for the 
three stations, ranging from 38° to 40.7° F. The normal tem- 
perature for the summer ranges from 63.6 F. at Florence to 
64.9° F. at Crandon and 65.3° F. at Menominee. The normal 
for the fall is 43.5° at Florence and 43.3° at Crandon, while 
at Menominee it is much higher, being 48.3'^. 
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Xonn il and mean maximum and minimum temperature at Florence^ Cran- 

don^ and Menominee. 
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43.3 
40.9 



IK.O 
28.2 
39.7 

50.4 



39.4 
61.7 
68.0 
66.8 
♦55.3 
59.0 
49.5 
35. H 
48.3 
43.0 



30.9 


19.0 


48.9 


30.1 


57.9 


39.6 


•••■•••«•• 


• ••••■ >•.. 



73.0 

il .1 

76.6 



52.5 


58.3 


50.7 



71.8 

Di .1 

42.9 



53.2 
39.1 

28.4 



 I — 
I 
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Normal precipitation ami prevailing direction of winds at Florence, Vrando n 

and Menominee. 



Normal precipitation. 



Dect'.mlier... 

January 

February.... 

Winter.. 

March 

April 

May 

HprliifiT,.. 

June 

July 

AuffUHt 

Summer. 
September.. 

October 

November . . 

Fall 

Annual.. 



Florence. 



1.54 
1.16 
1,10 



3.80 



2.00 
2.44 
3.89 



Crandon. 

1.12 

1.46 
1.08 



3.66 



8.33 
4.15 
3.86 
3.35 



11.36 
3.61 
2.86 
2.05 



1.48 
1.48 
2.38 



Menom- 
inee. 



0.52 

.76 

1.05 



2.33 



5.34 
2~62 
3.15 
2.70 



8.47 



8.52 

32.80 



3.76 
2.65 
2.26 



1.84 
1.73 
3.39 



Direction of prevail inir wind. 1938 



Florence, i Crandon. 



W. 
NW. 
XW. 



N. 

N. 



Menom- 
inee. 

8W. 

sw. 

NW. 



6.96 



3.63 
4.36 
2.68 



10.67 
3.27 
1.63 
1.18 



NW. 
NW. 
NW. 



W. 



N. 



SW. 

NW. 

NW. 



W. 
W. 



8.67 
26.14 



6.08 
26.04 



NW. 
NW. 
NW. 



S. 

s. 
w. 



sw. 

N. 
NE. 



SW. 
SW. 
NW. 



NW. 
SW. 



Ill suinraor the temperature of ^Marinette ('ounty is practieally 
the same as at Crandon, whieli is warmer than Florenee, while 
in winter the temperature of ^larinette County is the same as 
that of Florence, w-hieh is. warmer than Crandon. The north 
half of Marinette County is 1 degree w^ann.^r for the year than 
either Crandon or Florence, and the southern half of ^TarineU'; 
County is 1 degree w^armer for the year than the northern half 
of the county. In otlier words, Marinette County has a more 
equa])le temperature than either Florence County to the north 
or Forest County to the west, due to the amelioratinuj influeuce 
of Green Bay and Lake ^lichigan. 

The annual rainfall of ^farinette. County ayerajre'^ from 26 to 
33 inches for the major part of the area. The amount of precip- 
itation is fairly constant for tlie winter, and a portion of the 
fall and spring months, but varies considerably in the summer 
months. Exceptionally drj' periods occur once in 50 years, dry 
periods once in 25 years, and moderately dry periods once in 
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10 years. The last oxcoptionally dr>' period occurred in the 
years 1894 and 1896. 

The greatest rainfall occurs during the growing season, the 
table showing 19.06 inches for the period from April to Sep- 
tember, inclusive, at the ^lenominee station, against 6.98 inches 
for the period from October to March, inclusive. At Florence 
tiiere are 21.3 inches rainfall in the spring and summer months, 
and 11.5 inches during the fall and winter. 

The data of last and first killing frosts, in the accompanying 
table indicate the period in which immunity from killing frost 
can be expected to range from 105 days in the northern part '^f 
the county to 140 days in the southern part near Green Bay. As 
shown by the table, frosts are likely to be late in the spring but 
are not generally'' earlier in the autumn than for the southern 
I)art of the State. From the table it may be seen that one can 
not reasonably expect immunity from frost, for most parts of 
the county, before about the first part of June or after the mid- 
dle of September. 

Datea of killing frostn at Flarenrc, CrandoUy and Menominee. 



Year. 



1H95... 

1896... 

18»7... 

1896... 

1899... 

1900.. 

1901... 

1902.. 

1903.. 

1904.. 

1906.. 

li¥)6.. 

1907.. 



Florence. 



Last In 
sprinir. 



May 27 
May 2C 
June 8 
May 16 
May 25 
June 9 
June 9 
June 5 
June 12 
May 30 
May 26 
June 13 
May 28 



First In 
fall. 



1908 ' .June 15 



1909. 



Average. 



June 18 
June 3 



Sept. 27 
A.uff. 19 
Sept. 17 
Sept. 10 
Sept. 13 
Sept. 8 
Oct. 4 
Sept. 12 
Sept. 6 
Au»r. 21 
Sept. 13 
Sept. 29 
Sept. 22 
.*^ept. 2Ji 
Sept. 7 
S*'Pt. 14 



C ran don. 



Last in 
spring. 



Fli-st In 
fall. 



Menominee. 



Last in 
spring. 



May 26 
Apr. 10 
June 8 



Sept. 30 
Sept. 2 



First in 
fall. 



May 2Ji 
June 15 
May 18 
June 1 



Sept. 22 
S<M)t. 29 
Sept. 7 
Sept. 13 



May 12 
May 21 
May 3 ' 
May 16 
May 9 
May 9 
May 27 
May 13 
May 10 
May 14 



Oct. 1 
Oct. 14 
Sept. 24 
Sept. 20 
Oct. 12 
Oct. 9 
Sept. 30 
Sept. 29 
Sept. 27 
Oct. 2 
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The following table shows the comparative temperatures and 
rainfalls of Marinette County, southern Wisconsin, northern 
Illinois, Iowa, and the Lower Peninsula of Michigan: 

Mean, fte'inonal and annual temjxrature and precipitation. 



Winter. 



Sprlnff. 



Marinette Ck^unty . 



Pre- 
clp- 
ita- 
tloo. 



Inches 
3.26 



Southern Wisconsin. J 4 .66 



Northern Illinois. 
Iowa 



Michicran. Lower Pen 
insula 



5.74 
3.33 

6.29 



Tem- 
i)era- 
ture. 



Pi-e- 

cip- 
ita- 
tlon. 



Tem- 
l>era- 
ture. 



Inches 


"^ F. 


6.84 


39.5 


9.18 


45.3 


9.89 


48.0 


9.50 


47.0 


7.65 


42.7 



Summer. 


Fall. 


cip- Tem- 
ita- Pe*-*- 
tion. t»«^- 


C\^ Tem- 
Ita- Jura- 
tion. t«»«- 



Inclitu " F. fnchcM » F. 

10.16 64.6 7.75 45.1 

11.17 67.6 8.56 47.0 
11.07 71.8 7.64 I 51.4 
12.46 71.5 

8.49 67.3 



6.88 50.6 



7.54 ! 48.5 



Annual. 



Pre- 




ciu- 


Tem- 


ita- 


pera- 


tion. 


ture. 



Tnchen ° F. 
28.01 41.2 
33.57 44.9 
34.34 49.0 
32.17 47. « 



30.31 



AGRICULTURE. 

The principal industry of Marinette County, as already stated, 
is lumbering and related manufacturing enterprises, with agri- 
culture second in importance. About two-thirds of the popula- 
tion is in the cities and villages and one-third on the farms. 
This condition is not unusual, but is characteristic of most of 
the counties in the northern half of Wisconsin, as well as of 
many counties of the southern half. 

The proportion of farm population to village and city popu- 
lation has remained approximately constant since 1875, the total 
population showing the rapid increase from 5,057 in 1875 to 
33,812 in 1910 already cited. The state census of 1905, however, 
shows a slightly greater increase in the rural population as com- 
pared with that of the city, and this trend will very probably 
continue in the future, as the lumber industry has already passed 
its greatest development, while agriculture is still in its for- 
mative stage. 

The total area of the county is 904,320 acres, of which only 
about 6.7 per cent in 1905 was under cultivation. The acreage 
of improved land in the county has about doubled for each ten 
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year period from 1885 to 1905, tlie cash value of farm lands also 
doubling for each similar period. A fair estimate of the per- 
centage of land in the county that will finally be improved is 
probably 70 to 80 per cent of the total area, and hence it is 
evident that there is ample room for the future development of 
agriculture in the county. The statistics for 1910 are also in- 
cluded in the table. 

fmproced and unimprored acres in farms and rash ralue of farm land, 

inoln ding b u Udings. 



Year. 



Improved. 



1885 

18a5 

1985 

1910 U. S. Census. 



Acres. 
UV989 
29.902 
'60,257 
79,474 



Unim- 
proved. 



Acres. 

34,050 
123.982 
104. 141 
140,089 



Value 

inoludinf? 

Imlldings. 



DoUnrs. 
906,336 
2,177,875 
4,040.736 
6.899,590 



In describing the agriculture of the county, therefore, we are 
concerned with possibilities of future development as well as 
with the status the industry has already attained. At present 
the agriculture 'of the county is practically confined to the south 
central and southeastern parts of the county, on the Coloma 
fine sandy loam, Miami fine sandy loam, and Dunkirk fine sand. 
While there are farms scattered over the other types, there are 
few localities which are at all thickly settled or which present 
the appearance of an agricultural community. 

The present valuation and selling price of the farm lands in 
^Marinette County is determined largely by the character of the 
soil. In the older counties of the State, where the agricultural 
lands are almost all occupied, this factor wholly determines the 
valuation and selling price, but in the new counties other ele- 
ments, such as location and density of settlement, may enter into 
the generally accepted basis of valuations. 

The range in prices of farms per acre varies widely, as is 
usually the case in other northern counties. Farms on the 
lighter sandy soils in the thinly settled central and northern 
parts of the county will average between $5 to $15 an acre for 
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uncleared land and $20 to $45 for cleared lands, including 
buildings. The prevailing prices of farms on the loam soils in 
the southeastern half of the county and also on the fine sandy 
soil between Peshtigo and Marinette generally range between 
$15 and $25 an acre for unimproved land and from $50 to $90 
an acre for improved land. The average prices, though stated 
l)etween wide ranges, are sulgect to a gradual change tending 
tow^ard higher })rices for ea(*ii year, as is usually the case where 
unimproved lands are opening up to agricultural settlement. 

In the southeastern part of the county about Coleman, Pesh- 
tigo, and Marinette, where settlements were first made, from 
1870 to 1880 the staple crops were wheat, oats, com, and pota- 
toes. Wheat was the principal money crop. Live stock was 
raised mainly for home consumption. !Many of the earliest set- 
tlers depended upon game, mainly deer, for meat. An impor- 
tant market of the early settlers was the lumber camps. 

The acreage in wheat was very probably larger in 1875 than 
that of any other crop. In 1885 (see table) the acreage of wheat 
was second to that of oats. Since 1885, despite the much 
larger acreage of improved land, the acreage of wheat remains 
about stationary. On the other hand, the acreage of oats from 
1885 to 1905 has increased about five times, of com ten times, 
of barley four times, of rye ten times, of potatoes three times, 
and of hay five times. The apple crop is incretusing in import- 
ances the yi(»ld in 1885 being l.CSO Imshels, while in 1905 14,563 
bushels were reported. 

The crop statistics, compiled by the U. S. Census of 1910, ar^ 
also included and shows a notable increase in all crops excepting 
that of wheat. 
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Acreage and yield of more important crops. 



Crop. 


1885. 


1895. 


lOOb. 


1910.'J 
U. S. census. 




















Acres. 


Bush. 


Acres. 


Bush. 

12.701 
2,495 


Acres. 

1.556 
415 


Bush. 

21.164 
9.210 


Acres. 


Bush. 


Wheat 


1.49D 
114 


27.790 
2,068 


706 
108 


885 
1,409 


14.927 


Barley 


32.019 


Oats 


2,070 


66.647 


5.072 


135.256 


11,407 


299.100 


13.029 


406,503 


Rye 


101 


2,549 


423 


7.158 


1,200 


17.574 


2,478 


43,969 


Com 


112 


6,552 


818 


29,132 


1.171 


34,101 


3,697 


94,913 


Buckwheat 


12 


324 


79 


1,013 


363 


5.779 


430 


5.672 


Potatoes 


754 


75.012 


1,499 


127,611 


2,163 


253,484 


,S.689 


430,968 


Beans and peas. 


369 
246 


6,674 

^39.284 


657 

59 


8,951 
11.483 


1,873 
238 


34,505 
21,246 






Boot crops 




••••f •••• 


Apples 




1.630 




653 




14.563 






Huirar beets 












U.354 
*25,031 






Hai' 




»5,115 




MO. 596 


, , 

17.914 


23,680 


31,968 











>Tons. 

' Complete statistics of U. S. Census, 1010, for this and other tables not av.i li- 
able. 

The Miami fine sandy loam of tlie southeastern half of the 
county is especially favorable to apple culture. Such var- 
ieties as the Duchess, Hibernal, Patten Greening, Charlamoflf, 
Longfield, and Wealthy are well adapted to the local soil and 
climatic conditions. 

The data relating to. acreage and production of beans and 
peas mainly or entirely relate to field peas. Peas do exception- 
ally well on the new sandy loams and loam soils, the average 
•yield in 1905 being over 18 bushels per acre. The bean is 
grown very little in Clarinet te County. It should be grown 
more extensively on the sanly soils as an important export crop. 

Sugar beets are sold to the sugar factory at Menominee, 
Mich. While the usual yield per acre is not large, the sugar 
content of the beets is relatively high. 

The development of the live-stock and dairy industry has 
been as rapid as the development of this industry in other north- 
em Wisconsin counties. The value of cattle and calves sold from 
1885 to 1905 increased about six times, of hogs about three 
times. The number of sheep sold ha*s increased (considerably 
during the past few years. 



1 6 REC0NN0188ANCE SOIL SURVEY OF MARINETTE CO. 



\Xa*n^p('r aai ralue of lire xfo^k on h-Di'l antf .vtld or ronsumrd in Marinette 

County. 



IIorNesand mules. 



Cattle and calves. 



Voar. 



Year. 



1885. 
1895. 
1905, 
liMO. 



Xuniber. 



1885 

1895 

1905 

UiQ 



l.OU 
2.104 
5,168 
4.430 



Value. 



On hand. 



Numlx»r. , Value. 

I 



Sold or con.su rned. 



Numl*er. 



Dollars. 

100,655 

89,378 

391,612 

462.437 



3.032 

5,019 

13,316 

15,678 



DitlUirs. I 

69.301 

5t>,064 
208.335 
309,918 



346 

803 

3.109 



Value. 

Di}llar». 

8,822 

8,969 

49.850 



Sheep. 



Hoifs. 



On hand. 



Sold or con- 
sumed. 



On hand. 



Num- 
J>er. 



1 



956 
1,019 
1.461 
3,569 



Value. 



Num- 
ber. 



Value. 



Num- 
ber. 



Dollarn. 




DollnrK. 


2.5.57 


379 


1,169 


1.671 


257 


532 


4,287 


570 


1.674 


12,152 




1 






' 



1.458 
1.890 
4,S<>6 
7,917 



Value. 



Sold or con- 
sumed. 



Num- I 
l>er. 



Value. 



Dollarx. 

8.714 I 

I 

9.090 I 
23.2JK) 
50.S'.>4 



829 
i.749 
4,2(»2 



Dollars. 
1.3,276 
17,281 
37,540 



Dairying has increased in iniportauee with other phases of 
agriculture. Complete statistics are not available for 1885, 
but in the decade between 1895 and 1905 the number of milch 
cows more than doubled, the output of butter from the farms 
increased about three times, and the production of cheese from 
the factories increased about four times. In 1895 there was 
one creamery and two clieese factories in the county. In 1905 
no creameries were reported, but seven cheese factories wero 
in operation. 
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Dtiin/ pnnlucUof Mdrinetk CoUnty. 



Year. 


Milch 


cows. 


Milk. 


Butter. 


XumbtT. 


Value. 


Pounds. 


Value. 


Poun<ls. 

97,383 
179.170 
454.992 


Value. 


1895 


JhdhiVH. 


DdUarx. 



IhtUarn. 
22,981 


1896 


2,977 
7. 170 
8.335 


53,744 

178, 1W3 




32.325 


1905 


296.205 43.897 


91,020 


1910 





















While the dairying industry has more than doubled during 
the last decade, its development has not been quite as rapid 
as that of grain and potato growing. One of the principal 
reasons for the relatively slow development of dairying is 
probably due to the low grade of the dairy stock. So far as 
known, there are no herds of pure-blooded stock of the gen- 
erally recognized dairy or general utility breeds in the county. 
There are, how^ever, a few bulls of pure blood, mainly of the 
Guernsey breed, in the southern part of the county. While 
many farmers keep a good number of cows, the yield of milk 
per cow is not large nor especially rich ; hence i\^a best results 
from dairying are not obtainable. It is a well-known fact 
that it requires as much feed to keep a low-grade cow as it 
does to keep one of high grade. The yield of milk per cow 
ought to be increased at least twofold over the present yield 
to obtain the best results developed in other dairy sections of 
the State. And to obtain this result, better dairy stock should 
be developed as rapidly as possible. 

A system of farming, with daii-ying as a principal industry, 
will not only ])e j)rofita])le, ])ut will develoj) conditions favor- 
able to the maintt^nance of tlu; fertility of the soil. TIk^ gen- 
eral use of manure and fertilizers should be practiced in any 
scheme of permanent agriculture. Where the forage crop is 
not fed on the farm and the manure returned to the soil, the 
continuous production of grain and hay crops brings al)out con- 
ditions in the soil that result in diminished yields. The selling 
of hay or other forage crops should not be practiced, unless pur- 



18 REC0NN0I8BANCE SOIL SURVEY OF MARINETTE CO. 

chases are made from such sales of concentrated feeds with which 
to balance the feeding ration. The growing of alfalfa on all 
soils on which it will succeed should be extended, and also 
the growing of more clover and other legumes, in order to 
increase the supply of organic matter in the soils and to add 
the nitrogen which such plants gather from the air. 

A chemical examination of much of the surface soil (0 to 8 
inches) of the important types has been made, showing, as 
usual, a high content of potassium and a variable and, in 
some cases, quite a low content of phosphorus and nitrogen. 
Only a general statement in regard to the chemical composi- 
tion and its relation to the fertility of the soil and the appli- 
cation of particular fertilizers can be submitted at this time. 

Chemical analyses of samples representative of the soils of the 
area have been made by Prof. A. R. Whitson, of the College of 
Agriculture, at Madison, Wis., the results of which are given 
in the following table : 



ChemUal Analyses of sails of Marinette County. 



Moll type. 



Coloma loatn , 

Do 

Superior fine sandy loam 



No. 



92A 

102A 

93A 



Total 



Coloma fine sandy loam: 94 A 

Plalnfleld sand 199A 

I 
Coloma fine .sand 200 A 

Miami fine sandy loam, 
litrht phase 201A 

I 

Miami fine sandy loam.. 202 A 
Dunkirk fine .sand 203A 



0.15 
.06 
.05 
.15 
.07 
.09 

.08 
.12 
.05 



Total 
K'O, 



2.52 
2.22 
2.41 
2.60 
1.92 
2.27 

2.60 
2.59 
2.12 



Total 
N. 


co« 


Or- 
iranic 
mat- 
ter. 


0.131 


0.073 


2.83 


.130 


.136 


3.82 


.062 


.017 


1.17 


.089 


.069 


1.45 


.067 


.034 


1.08 


.077 


.042 


1.66 


.107 


.046 


1.98 


.182 


.082 


3.42 


.1.30 


.049 


3.06 



Lime 
re- 
quire 
ment 
per 
acre. 



5.000 
5,000 
2,000 
2,000 
5.000 
5.000 

2,000 

500 

5,000 



Litmus test. 



Very acid. 

Do. 
Sliflfhtly acid. 
Acid. 

Do. 

J)o. 

Verj' acid. 
.\ot add. 
SUsrhtlyacid. 



These analyses show a fairly high content of potassium in all 
the soils. 

The chemical analyses of these soils is essentially like that of 
other soils of Wisconsin or the Northwest. 
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The supply of nitrogen is fairly good for the heavier loam 
soils, but quite low in the lighter sandy soils. The supply of 
nitrogen can be maintained and increased by growing clover, 
alfalfa and other legume crops. An especially good crop for 
nitrogen on the light sandy soils, which are very low in both 
nitrogen and organic material, is mammoth clover. 

The supply of phosphorus is fairly good in the heavier loams, 
but quite low in the sandy soils. The analyses show that the 
phosphorus in the sandy soils is low, and phosphatic fertilizers on 
these soils are desirable, especially for crops other than the small 
grains. Application of barnyard manure, where available, would 
help these soils, but it will probably be found desirable to apply 
ground rock phosphate, at the rate of about 1,000 pounds per 
acre to begin with, and lighter applications of 250 pounds per 
acre thereafter. 

Nearly all the soils, of the area would be benefited by lime. 
The first requisite is to make applications of ground limestone 
at the rate of 1 to 2 tons per acre. The cost of this would be 
about $3 per ton, depending on freightage, and the application 
of these amounts will last for some time, four or five years at 
least. 'Where ground limestone is not available, slaked lime 
can be used, but in smaller quantity. Clover often fails to get 
a start on light sandy soil. It is usually advisable therefore to 
add ground limestone when the field is ready for planting to 
oats or rye with the clover. 

Before going to the expense of applying lime to correct acidity 
of the soils, or phosphate as fertilizer, it is suggested that the 
local agricultural school at Marinette or the State experiment 
station at Madison be consulted. 

That system of agriculture is best which allows a rational and 
comprehensive adaptation of soils to crops under the climatic con- 
ditions of the area. While it is not intended to outline such a 
comprehensive system under the present undeveloped condi- 
tions of agriculture, certain suggestions are offered which may 
be of value to prospective settlers, as well as to those already 
located on the farms. 

The loam soil provisionally named the IVfiami fine sandy loam 
and Coloma loam, and locallv referred to as **clav'' soH, are 
adapted to all those crops usually grown in the northern States 
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under a system of general farming. Proper varieties of com 
should be selected which will ripen within the average period of 
immunity from frost. The Early Yellow Dent (Wisconsin No. 8), 
and Golden Glow (Wisconsin No. 12) should be selected. Com- 
mon flint is probably best for the wet lands on account of ma- 
turing earlier. While wheat can be grown and fair yields pro- 
duced, the crop tends to decline rapidly in yield, and hence it 
is not grown extensively. Bucln^^heat should be sown not later 
than June. The apple, when established varieties are selected 
and properly cared for, can be grown successfully for home 
consumption. 

The lighter loam soils, the Coloma loam and the small areas 
of Superior fine sandy loam, are probably not well adapted to 
wheat and barley, but to most other grains and root crops suit- 
able to the climate. Peas, with yields of 18 bushels per acre, 
are grown on the Coloma fine sandy loam. On these types from 
100 to 150 busliels of potatoes per acre are commonly secured, 
and oats, r>'e, and corn give good average yields. The addition 
of lime to correct acidity of the soil, and also phosphorous as a 
fertilizer in some cases would be beneficial. 

The sandy soils, the Plainfield sand (the jack pine' plain 
type), the Coloma fine sand (the hilly pine-land type), and 
the Dunkirk fine sand (the low sand-plain type), are adapted to 
more specialized crops. Barley and wheat should ordinarily not 
be attempted. These light sandy soils should be worked with 
special care in order to maintain and increase their fertility. An 
ideal rotation^ of crops for the sandy soil is first year oats or rye, 
seeding with cdover; clover two years; then a cultivated crop of 
potatoes, com, or soy beans. Sufficient dairy and other stock 
should be raised to maintain the upkeep of the farms. 

The light sandy soils are typical truck soils, but under the 
present conditions of dovolopment of the region, general farming 
with selected grains and root crops and the development of the 
dairying industry is probably the best sysfem to adopt. Dairy- 
ing, in fact, should be developed on all the soil, not only for the 
money profit to be derived but also as an important means in 
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conjunction witli proper crop rotation and use of commercial 
fertilizers in developing a system of permanent agriculture. 

, SOILS. 

The soils of Marinette County are predominantly sandy, rang- 
ing from light sand to a moderately heavy loam. The upland 
soils are very commonly grayish or brownish at the surface, and 
are generally well drained throughout. 

The soils of the county are formed mainly from glacial and 
alluvial deposits overlying granite, sandstone, and limestone. 
The glacial deposits are very largely composed of the ground-up 
material of the underlying bed rock, and hence these soils in 
the area of the ^limestone are very largely of limestone debris, 
and in the areas of sandstone and granite are largely of sand- 
stone and granitic material, respectively. On the other hand, 
the soils of the alluvial deposits consist largely of sand and 
gravel without regard to the underlying rock, and are of very 
similar composition over the entire area. 

The granite and other crystalline rock of the northwestern 
part of the county are the oldest formations and are of pre-Cam- 
brian age. The first formation next overlying the crystalline 
rock is the Potsdam sandstone, of Middle Cambrian age, whose 
area of outcrop lies in a belt or zone from 6 to 10 miles wide 
extending northeast and southwest and reaching in a general 
way from the vicinity of Wausaukee to Lake Nocque Bay. The 
next formation above the Potsdam sandstone is the Lower Mag- 
nosian limestone, forming a zone 5 to 6 miles wide, lying south- 
east of the vicinity of Beaver and Left Foot Lake. The next 
overlying fonnation is the St. Peter sandstone, extending in a 
narrow belt about one-fourth to 1 mile wide along the east mar- 
gin of the Lower Magnesian. The next formation, the upper 
most in the county, is the Trenton limestone, forming a zone 
from 10 to 15 miles wide in the southeast part of the county, ex- 
tending from the vicinity west of Porterfield to Marinette and 
the Green Bay shore. Overlying the bed-rock formation are 
the surface deposits of glacial drift and tlie alluvial sands and 
gravel. 

Tn the northern and northwestern part of tlio county are belts 
of terminal moraine, characterized hy billowy drift hills and 
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swamps. These belts were formed at the margin of the ice sheets 
in their retreat across the county, and trend in a northeast-south- 
west direction. The soils of the terminal moraines generally 
contain numerous bowlders, these being commonly granite. 

A common feature of the southeastern one-third of the county 
arc hogback ridges of gravel or sand **esker8," which were 
formed by streams flowing in ice tunnels beneath the glaciers. 
Most of these eskers run in a northeast-southwest direction and 
usually extend along or through swamps. 

The level plains of sandy soil, generally containing more or 
less gravel in the subsoil, are stratified deposits and were formed 
in water, which may or may not have been connected with the 
ice sheets. The sand plains are quite variable ip area and have 
their greatest length in a northeast-southwest direction. 

In the northwestern part of the county in the vicinity north 
and south of Dunbar are small patches of red calcareous clay 
evidently old lacustrine deposits like those occurring along the 
shores of Lake Superior and Lake Michigan and in the Fox 
River Valley. 

In this connection may be mentioned the old shore line of 
Green Bay which extends across the southeastern part of t!io 
county and forms the approximate border of the level tract 
of sand and peat soil lying between Peshtigo and Marinette. 
This abandoned shore line, 40 feet above the present level of 
Qreen Bay and Lake Michigan, was the border of the lake 
at the Algonquin stage of the Great Lakes. This shore line 
may be seen near Wilcox Station, also about 2 miles west of 
Peshtigo, and about 2 miles south of Bagley Junction, whence 
it turns to the northeast passing through the county 3 or i 
miles north of Marinette and Menominee. It marks a much 
later stage in the history of the Great Lakes than the one 
during which the red calcareous clays about Dunbar were 
deposited. 

Considering the geological derivation and process of forma- 
tion of the various soils, all the principal soils are formed 
either by weathering of glacial till overlying the bed-rock 
formation, or by weathering of water depositod sands in old 
stream or old lake bottoms. The IMiaiiii fine sandy loam is 
derived from glacial till over the Trenton limestone and the 
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subsoil consists almost wholly of limestone debris, varying 
from fine powder to large fragments and bowlders, the bed 
rock being generally from 5 to 20 feet below the surface. 

A light phase of the Miami fine sandy loam is derived from 
glacial till overlying Lower Magnesian limestone, St. Peter 
sandstone, and the Potsdam sandstone, the subsoil consisting 
mainly of limestone debris and sand. The Coloma loam is 
derived from glacial deposits overlying the crystalline forma- 
tions, and consists wholly of debris of granitic rocks. The 
Coloma fine sandy loam and the Coloma fine sand are derived 
from glacial material witliin the general area of the sandstone 
and granitic formations, and are largely of terminal moraine 
deposits. The Superior fine sandy loam is derived from 
alluvial sand associated with and overlying red lacustrine clay. 

The Plainfield sand is derived from the weathering of alluvial 
sand and gravel overlying various rock formations. The 
Dunkirk fine sand is derived from the weathering of delta or 
estuarine sands deposited in former Lake Algonquin, whose 
shore lines are about 40 feet above the present level of Green 
Bay. 

Of the unclassified soils Peat consists of decomposed humus 
and marsh vegetation; Muck consists of a mixture of humus 
with sand and clay; and Rock outcrop consists of areas of 
abundant rock exposures, mainly of granitic character, in the 
northern parts of the county.- 

With relation to the native forest growth developed on the 
various soils, the nature of which was used as a general index 
of the character of the soil, the Miami fine sandy loam and the 
Coloma loam are characterized by relatively dense growths 
of hardwoods and hemlock, with large white pine in local 
areas. The Coloma fine sandy loam and the Superior fine 
sandy loam support a mixture of hardwoods and pine, the 
pine predominating. The Coloma fine sand is characterized 
by a growth of pine including white, Norway, and some jack 
pine. The Plainfield sand is characterized typically by a 
growth of jack pine and some Norway pine. The Dunkirk fine 
sand, relatively low sandy land, is characterized by a rather 
dense growth of white and yellow poplar, soft maple, scrub oak, 
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white birch, jack pine, funno Norway pine, and in low wet places 
mixed tamarack and cedar. 

Below -is given a table stating the actual and percentage 
area of the various soils of the county as show*n on the accom- 
panying soil map. 

Are<tg of lUfi'ercut moiU. 



Soil. 



Coloma fine sand 

Ccloma fine sandy 

loam 

Miami fine sandy loam 

Lifirht phase 

Plainfleld sand 

Muck 




190.872 
163,008 
43.776 
114,048 
151.488 
120.960 



I'er cent 

22.1 
18.0 

I It .4 

16.8 
13.4 



Soil. 



Coloma loam 

Dunkirk fine sand 

IVat 

Superior fine sandy 
loam 

Total 



Acres. 



Per cent 



58, 170 6.4 

29,952 3.3 

21,312 2.4 



1.728 



.2 



J104. 320 



MI.\MI FlJ^b: SANDY LOAM. 

« 

The Miami fine sandy loam consists of a gray sandy to silty 
loam containing some small stone to a depth of 8 or 10 inches, 
underlain with silty loam containing somewhat larger rock frag- 
ments and extending to a depth of 24 to 30 inches. Below 
24 to 30 inches stones and bowlders are generally abundant. 
The bed rock of limestone is struck at depths of 3 to 15 feet 
of the surface over large portions of the area. The loose 
stone is almost wholly of limestone material from the under- 
lying formation. Stone piles are a characteristic feature over 
much of the cultivated parts of this type. 

The soil type occurs mainly in the town of Grover and in 
the southern part of Porterfield. It is derived from the weath- 
ering of glacial drifts over limestone, and like most soils of 
glacial origin is somewhat variable in composition from place to 
place. 

The surface varies from gently sloping and undulating to 
nearly level. The type quite generally occupies upland areas 
and slopes above the stream beds and swampy tracts. The 
slopes are so gentle that siicli objectionable features as rapid 
soil erosion and gullying are not likely to be developed. They 
are nowhere too steep for cultivation. Occasionally fields oL* 
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this soil type are so level that the use of tile drainage would 
be beneficial. In general, however, the loose texture of the 
soil, as well as the undulating surface, gives such good natural 
drainage that underdrainage is unnecessary. A typical farm 
on this soil is shown in Plate I. 

This soil was originally heavily timbered with hard woods and 
white pine. The j)ine has been cut for years, but in many places 
the hardwoods still remain. The latter consist mainly of sugar 
maple, birch, and beech, with a variable amount of hemlock, oak, 
elm, ash, basswood and poplar. Three of the earliest agricultural 
settlements in the county were established upon this type of soil 
in the town of Grover. They were locally known as the Lower, 
^Middle, and Upper Sugar Bushes, on account of the abundant 
growth of sugar maples in the settlements. 

The forest growth of white pine and hard woods was not 
uniformly distributed over this soil. Over considerable areas 
dense hardwood forests predominated, but in some places, usually 
in areas of small extent, the white pine grew in great abundance 
even to the exclusion of the hard woods. Where the pine greatly 
predominated the surface soil generally contains more sand 
than elsewhere, but the subsoil conditions are imuch the same 
as in areas covered with hard woods. 

The groundwater level in this soil is generally from 10 to 30 
feet below the surface. Sufficient water for domestic purposes, 
therefore, can be obtained generally in the drift overlying the 
limestone or a few feet in the limestone. Occasionally, however, 
wells are drilled from 50 ito 100 feet into the limestone before 
a sufficient supply can be o])tained. ^luch of the soil is under- 
lain by a clayey subsoil which tends to hold the moisture suf- 
ficiently near the surface to be available for the gi^owing of 
crops. 

The Miami fine sandy loam is the most fertile soil in the coun- 
ty, and all the staple farm crops are successfully grown upon it. 
Oats is the principal grain crop, the acreage greatly exceeding? 
that of all other grains combined. The yield varies from 25 to 40 
bushels per acre, the average yiiOd being about t]0 bushels. Corn 
is the next most important cro]), the yield per acre being about 
the same as that of oats. In growing <*orii on tiiis soil, as well 
as on other soils in the, county, the average length ot" the period 
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of immunity from frost should be taken into consideration, and 
only such varieties selected as will ripen within this period. The 
Early Yellow Dent (Wis. No. 8) and Golden Glow (Wis. No. 12) 
as well as flint corn, will ripen within the average period of free- 
dom from frost. Wheat and barley are grown to a slight extent, 
the usual yield of wheat being 15 bushels and of barley about 20 
^bushels per acre. Some rye is grown, the average yield being 
about 16 bushels per acre. The yield of potatoes ranges from 
125 to 150 bushels. Pease do exceptionally well, the yield being 
15 to 20 bushels per .acre. Apples and the various kinds of ber- 
ries can be readily grown. Sugar beets are successfully grown 
on many farms. 

This loamy soil is especially well adapted to apples. The 
climatic conditions, due to the moderating influence of Green 
Bay and Lake Michigan, as well as the charac*ter of the soil, 
with itjs high content of limestone material, are very favorable 
to their culture. Most of the apples grown in the county are 
on this soil type. By properly spraying and otherwise caring 
for the trees, there are good prospects for the successful raising 
of such varieties of apples as tlie Dutchess, Hibernal, Patten 
Greening, CharlamoflF, Longfield, and Wealthy for the home as 
well as for the market. 

Dairying is important on this soil, although only a relatively 
small number of farmers have silos. The principal feed of 
cows is mixed hay. Hay is an important crop, averaging about 
1 and one half tons per acre. Clover is grown to some extent, 
but not extensively. Millet and some small grains and com 
are occasionally grown for forage. The soil is well adapted 
to dairying and this industry should be developed. Alfalfa 
has been successfully grown on this soil, and it should be more 
widely raised. 

Because of its adaptation to all the ordinary'^ crops and be- 
cause of its location this type constitutes the highest priced 
land in the county, the prices usually ranging from $50 to $90 
an acre. 

TAght plmse, — There is a light phase of the Miami fine sandy 
loam whicli is of oxtoiisivo occurranco. It is found in the south- 
eastern half of the county. The main area lies in a belt trend- 
ing northeast-southwest through the town of Pound, eastern 
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Beaver Lake, and northern Porterfield. Isolated areas lie far- 
ther west in the western half of Beaver and in Wausaukee. The 
surface soil consists of a grayish medium to fine sandy loam, 
with depth of 6 to 10 inches, resting usually on a brownish fine 
sandy loam, which extends to a depth of 24 to 36 inches. The 
character of the subsoil is somewhat variable, ranging from 
fine sandy loam to a sandy clay mixed with some stones. Below 
24 to 36 inches there is generally a mixture of sand, gravel, and 
bowlders. This phase of the Miami fine sandy loam contains 
more sand and ' less stone than the other phase of this soil. 
Usually the more clayey phases of the soil are the most stony. 

The surface is usually very gently sloping, though in places 
it is undulating to hilly. The more undulating areas are in 
the vicinity south of the village of Wausaukee and in the west- 
em part of the^town of Bciiver. Even in the most uneven areas, 
however, the slopes are not; too steep for cultivation. Over most 
of the areas in the towns of Pound and eastern Beaver Lake the 
surface rises gently from 10 to 40 feet above the adjacent low 
tracts and swampy areas along the stream beds. 

The soil has its origin in the weathering of glacial drift over 
a sandy limestone and sandstone. Being derived from glacial 
drift, it is somewhat heterogeneous in character and the texture 
and composition of the su])soil lacks unifoniiity. The lower 
Magnesian limestone formation which underlies the main area 
of this soil contains considerable sand, and the weathering of 
the glacial debris worked up from this formation has resulted 
in a soil consisting of sand and limestone material varj'ing in 
fineness from flour and small fragments up to large bowlders 
of lime rock. ^lixed with the local limestone are a few bowlders 
of crystalline rock derived from more distant sources. Along 
the streams, especially the larger ones, such as Beaver Creek, 
Little Peshtigo River, and Peshtigo River, these are sandy 
tracts due to the action of these streams. In the areas of this soil 
are some gravel and sand ridges, locally known as ** hogbacks, ' * 
which owe their origin to glacial streams flowing in tunnels be- 
neath the glacial ice sheets. ]\Iost of the important sandy 
tracts along Ww streams and the sand and gravel ridges of 
subglacial origin are shown on the soil map. 

Probably about (me-third of this light phase of the' type is 
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under cultivation. Originally it was covered with dense hard 
wood and white-pine forests. In some areas the pine greatly 
predominated, in others the hardwoods. The principal hard- 
woods are beech, maple, and birch, with a variable amount of 
^ hemlock, oak, elm, and basswood. 

The level of ground water is quite generally from 10 to 40 
feet below the surface. Abundant water for all domestic pur- 
l)o.ses can usually be obtained from the surface formation over- 
lying the bed rock. In some places the wells penetrate the 
underlying formation of limestone. 

About the same crops are grown on this light phase as on other 
parts of the ^Hami fine sandy loam. Oats constitute the principal 
grain crop with wheat next in importance. Potatoes are also an 
important crop. The yield of oats per acre varies from 30 to 40 
liushcls and potatoes from 125 to 195 bushels per acre. Barley is 
grown to some extent, yi(»lding between 20 and 30 bushels per 
aci'c. Peas do exceptionally well, yields of 25 to 35 bushels per 
acre being often reported. Hay is a good crop, mixed clover and 
timothy usually yielding 2 to 3 tons per acre. 

Dairj'ing and stock raising are not as important as they should 
be. While there are two or three cheese factories within the area 
of this soil, the average amount of milk obtained from the cows 
is small, as compared with average conditions over the State. 
Th(* brood of milch cows should be improved and more atten- 
tion paid to care and feed of the herds. 

The farm values usually vary between $50 and $85 an acre 
for improved land and about $15 to $20 for unimproved land. 

The following table gives the average results of mechanical 
analyses of the soil and subsoil of the Miami fine sandy loam: 

Mechanical atialysw of Miami fine sandy loam. 



Nunni)er, 



De- 
sorip- 
tion. 



j Fine Coarse 
l^ravel. sand. 



Me- 
dium 
sand. 



Fine 
sand. 



Per ct . Pi r ct . Per ct . Per ct 
0.9 5.1) , 9.4 I 24. li 



1.7 I 7.0 



JS.4 



24.5 



2275X22755 Soil 

22 754 . 22750. 22759 S n 1 »soi 1 . 

i 
Lijrlit pliase: , 

22745. 22747. 227:il .^oll 0.7 02 | 12.5 j 2*.M 14.8 

22741?. 22748.-227.V2 .^iiljsoil. l.:i ' 7.3 i 13.3 . 28.7 10.5 



Very 

fine 

sand. 


Silt. 


Clay. 


Prrrt^ 
;k.5 

19.5 


Pn ct . 
33.1 

27.5 


Per ct . 
7.4 

11.1 






90 7 



0.3 
10.2 



COLOMA FINE SAND, 29 



COLOMA FINE SAND. 

The Coloma fine sand, to a depth of 8 to 12 inches, consists 
of yellowish-brown fine sand. The subsoil, to 36 inches, is a 
yellow fine sand, which becomes^ slightly coarser in the lower 
depths. In the lower subsoil rock fragments and bowlders are 
sometimes found, and to some extent these are scattered over 
the surface. This type owes its origin to the last ice sheet and 
is largely cleared from terminal moraine. In some places it 
does not differ materially from the Plainfield sand, except in 
topography, w^hich in the case of the fine sand is rolling to 
moderately hilly. Natural drainage is good; in fact there is 
more likelihood of excessive drainage than of lack of drainage. 

The fine sand is preeminently the pine soil of the area, it 
having been originally covered with a heavy growth of white 
pine, with some Norway. At present, the timber growth con- 
sists largely of scattered wiiite pine, considerable Norway pine, 
and in some local areas jack pine and small oak. Like the Col- 
moa fine sandv laam, the fine sand occurs in northeast-south- 
west belts, with alternating areas of Plainfield sand, the latter 
mainly repreeenting an older soil covering of the region on 
which the fine sand was deposited by thelatest ice sheets. 

Also like the Plainfield sand and Coloma fine sandy loam, the 
Coloma fine sand is in a practically undeveloped state. Nearly 
all these types, together with the Coloma loam, Superior fine 
sandy loam, Muck, and Peat, are in their virgin state, except 
that the timber is largely removed. On the surface of much of 
the upland areas is found a layer 'from one-half inch to 2 
inches in thickness, of dark or black material, representing 
accumulations of organic material. 

The Coloma fine sand, like the Plainfield sand, is probably 
best adapted to a system of general farming restricted to 
certain grain crops and to dairying. It is a typical truck soil, 
but under the present conditi(m of agricultural development and 
settlement of the region, location of markets, etc., it can not 
be utilized to advantage for the growing of truck. It is a 
soil which needs *'body" added to it in the shape of manure 
and green crops plowed under. Early maturing crops, such 
as green com, peas for canning, tomatoes, cucumbers, etc., 
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should do well on this type. At present it gives moderate 
yields of excellent potatoes, and fair yields of rye, mixed 
hay, oats, and com. 

By proper management the farms on this soil can be made to 
yield good returns, many thrifty farms having already been 
developed upon it. Legume crops, to add nitrogen to the soil, 
should be included in the crop rotation. Following clover, good 
crops of peas and beans can probably be grown. 

Average yield on the Coloma fine sand are about as fol- 
lows: Com, 20 to 35 bushels; oats, 25 to 35 bushels; peas, 12 
to 18 bushels; potatoes, 100 to 150 bushels; and rye, 12 to 18 
bushels. Practically no barley or wheat is grown. 

Unimproved or wild land is held at about the same price 
as the Plainfield sand, viz., $5 to $20 an acre. Improved farms 
are sold at $30 to $50 an acre. 

The following table gives the average results of mechanical 
analyses of the soil and subsoil of this type. 

Mecfianical analym of Coloma fine tand. 



Number. 


Descrip- 
tion. 


Fine 
if ravel. 

Per ct. 
0.1 
1 


Ck)arse 
sand. 


Medium 
sand. 


Fine 
sand. 


Very 

fine 

sand. 


Silt. 


Clay. 


22.733, 22737 

22.734, 22738 


Soil 

Subsoil... 


Ptr ct. 
5.5 


Per cent. 
14.6 
13.6 


Per ct. 
35.4 
41.9 


Per ct. 
23.4 
29.9 


Per ct. 

15.2 

7.1 


Per ei. 
5.2 
2.4 



COLOMA FINE S.\NDY LOAM. 

The Coloma fine sandy' loam has a top soil, 10 to 12 inches 
deep, of yellowish-brown, smooth, mellow, fine, to medium 
sandy loam. The subsoil to a depth of about 24 inches is a light- 
colored sandy loam, wiiile from 24 to 36 inches is found a light 
yellow medium sand. The type is by no means uniform, be- 
ing of glacial origin, and varies from neary pure sand to a 
heavy sandy loam. The major portion, however, is as described 
above. 

The Coloma fine sandy loam is a terminal morainic type, 
and has a rolling to hilly topography. It is naturally well 
drained, but is rarely too hilly to be easily cultivated. Stones 
and bowlders are more or less plentiful, but seldom occur in 
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such quantities as to interfere with cultivation. This soil, like 
most of the important types in Marinette County, lies in north- 
easterly-southwesterly belts, that being the general distribution 
of the formations left by the last sheet of ice. 

The timber growth is mixed pine and hardwood, being largely 
white and Norway pine, white birch and red oak. Hemlock, 
basswood, maple, and elm do not thrive as they do on the 
heavier Miami fine sandy loam and the Coloma loam. 

Very little of the Coloma fine sandy loam is under cultivation, 
as is true of all the types in Marinette County, with the except- 
ion of the Miami fine sandy loam and the Dunkirk fine sand. 
The home of a new settler on this type is shown in Plate II. 
However the few farmers located on the type are well satisfied 
with it and report fair yields, as follows: Oats,20 to 40 
bushels; potatoes, 100 to 200 bushels; pease, 15 to 20 bushels; 
and hay, 1 ton to lYo tons. This soil, like practically all the 
other sandy soils in the county, is low in organic matter, and af- 
ter the first few years of cultivation should be liberally manured. 
Potatoes are the crop probably best suited to this type, and rye, 
buckwheat, and bush fruits should be profitable crops. The 
incorporation of organic matter should not be neglected, as is 
so often the case in newly settled districts, because of the 
scarcity of stock. Crops of rye, vetch, and clover, plowed un- 
der, preferably in the fall, would greatly benefit and build up 
such soils. One or more legumes should be included in the ro- 
tation, and all manure carefully saved and used. By judicious 
management the soil can be made to increase instead of decrease 
in productiveness and value. At present the Coloma fine sandy 
loam can be bought for $10 to $20 an acre in an uncleared 
state. The improved lands sell from $40 to $60 an acre. 

The following table gives the average results of mechanical 
analyses of the soil and subsoil of this type : 

Mechanical analyses of Coloma fine aandy loam. 



Number. 



22741.22749. 
22742.22750. 



Descrlp-j Fine 
tion. IfirraTel. 



Soil 

Subsoil. 




Me- 
dium 
sand. 



Fine 
sand. 



Per ct. Per ct. 



10.8 
8.8 



20.4 
17.6 



Very 

fine 

sand. 


Silt. 


Per ct. 


Per ct. 


20.6 


34.0 


24.0 


32.9 



Clay. 

Perct. 
6.8 
7.2 
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PLAINFIELD SAND. 

The Plainfield sand to a depth of 6 to 8 inches, consists of 
yellow medium to coarse sand, sometimes slightly loamy. From 
8 to 36 inches the material is a yellow medium to coarse sand, 
growing lighter in color and coarser in texture with depth. 
Some pebbles and fine gravel are found in the lower siibsoil. 

As a whole, the soil is free from stones and bowlders, al- 
though outcrops of rock are sometimes found within the general 
soil area, and also an occasional erratic or glacial bowlder. The 
material composing this type was deposited by streams, and 
probably antedates the soils in the area which were formed as 
a result of the latest glacial action. 

The soil is locally known as ''sandy land,'' * 'jack-pine land," 
*'sand plains,*' etc. The typical timber growth consists of jack 
pine and scrub oak, with occasionally some Norway and a very 
few white pines. The surface of the ground is usually covered 
with brake, sweet fern, blue])erry bushes, and wild oat grass. 
Jack pine is characteristic of the type. The jack pine occurs 
sometimes on other soils, but only to a limited extent, the med- 
ium to coarse sand being its natural habitat. 

The topography is level to gently rolling, being usually nearly 
level, as its alluvial origin would indicate (PI. TIT, fig. 1). In 
some localities, however, as in the area southeast of High Palls, 
windformed dunes occur in such numbei'S as to give the type 
a rolling surface. These dunes are often of slightly finer tex- 
ture than the soil of more level areas, consisting of clean, loose 
sand, and are considered less valuable than the main type. 
Other and larger sand hills 0(*eur less fre(iuently, being eskers, 
or deposits formed by glacial water under ice. 

The riainfi(^ld sand is an extensive^ type, covering an area 
of 151,488 acres, or 10.8 per cent of the <»ounty. Altliough the 
surfa(*e is level to undulating, thc^ ])or()us character of the soil 
and the depth and coarsent^ss of tlie subsoil give good natural 
drainage. The level character of the land and the compar- 
ative ease of clearing often impress newcomers, especially those 
from the prairie States, so favorably that they purchase farms 
on this type in preference to those supporting hardwood, al- 
though the prices may be nearly the same. Satisfactory yields 
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•can be produced on the Plainfield sand only with heavy appli- 
•cations of manure. Green manures, especially legumes, are 
highly beneficial and should be more generally' used. A com- 
mon mistake is to grow several crops of oats or other grains 
upon newly cleared land, thus reducing the productiveness to 
a low stage before a system of building up the soil by grow- 
ing clover and other legumes is begun. By proper farm manage- 
ment good stands of clover can be produced. Clover can l;e 
followed by a money crop which will do well. The bean crop, 
though rarely grown on this soil in ^larinette County, is well 
adapted to sandy soils of this character and could be grown 
with profit. 

While a good living can be obtained by farmers on this soil, 
it should be emphasized that the type is not especially pro- 
ductive and that care should be taken at the outset not only to 
maintain the original productiveness of the land but to prac- 
tice some system of fanning that will tend to increase this pro- 
ductiveness from year to year. That prosperous farms can be de- 
veloped on the Plainfield sand, when rightly managed, is shown 
by the presence of some thrifty farms in a number of places. 
(PI III, fig. 2.) At the same time there are some abandone.l 
farms on the type which may be expected with poor manage- 
ment. 

The type seems best adapted, when operated along general 
lines, to potatoes, rye, and clover. Fair crops of potatoes are 
readily grown, the tubers being of excellent quality. More 
satisfactory yields of buckwheat and rye are secured under the 
prevailing farm management than of oats or corn. The type 
is entirely too light for either wheat or barley or sugar beets, 
although what few beets are grown 9n the light soils in 
the area have the compensating factor of a higher sugar content. 

But little com is grown on this type, and much of the prod- 
uct is used for fodder. Twenty to 30 bushels per acre is a 
good yield. Other crops yield as follows: Oats 20 to 80 bushels: 
rye, 10 to 15 bushels; buckwheat, 12 to 15 bushels; peas, 10 
to 15 bushels, hay, three-fourths ton to l^A tons; and pota- 
toes, 75 to 150 bushels per acre. A rotation quite c..::inionly 
followed is com or potatoes, oats, and hay, the mowing lands 
being left as long as they are considered profitable. P'c usu- 
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ally is put on the new fields, followed by com or potatoes. A 
rotation better adapted to this tj-pe would be potatoes, field 
peas, and mixed hay, leaving the sod not longer than two or 
three years. The peas could be sold at a good price, the oats 
or other concentrates purchased. As more land is broken up 
and more stock kept, fodder com could be grown in the same 
place in the rotation as potatoes. This rotation is only tenta- 
tive ; more satisfactory ones may be suggested by practice. There 
is no question, however, that better rotations than of com, 
oats, and grass, leaving the grass down for a long period, can 
be worked out and used on this soil. 

At present prices for the Plainfield sand range from $5 to 
$18 an acre for 'SviW or unimproved land, depending on the 
location, and $30 to $50 for cleared land. 

The following table gives the average results of mechanical 
analyses of the soil and subsoil of this type : 

Mechaniral analynes of Plainfield sand. 



Xumber. 



Descrip- 
tion. 



22727, 22729. 22731 , 22739. 
22728,22730.22732.22740. 



goil 

Subsoil. 



Fine 
gravel. 



Perct. 
0.5 
.5 



Coarse 
sand. 



Me- 
I dium 
sand. 



Fine 
sand. 



Very 

fine 

sand. 



Per ct. 
17.8 
17.2 



Per ct. Per ct. Per ct. 
30.9 33.9 5.8 



31.1 



38.8 



6.5 



Silt. 



Peret. 
6.5 
2.7 



Clay. 



Per ct. 
4.& 
3.0 



DUNKIRK FIXE SAXD. 

The soil of the Dunkirk fine sand consists of a gray to dark 
brownish-gray fine sand to fine sandy loam, with a depth of 8 
to 10 inches. From this depth to about 18 inches occurs a pale 
yellow fine sand and from 18 to 36 inches a brighter yellow, fine 
sand, sometimes slightly mottled. 

The topography is level to gently undulating, although in 
some local areas sand dunes and eskers are so numerous as to 
give a hummocky surface. The type seems to be a delta deposited 
in glacial Lake ^Michigan or Lake Algonquin by streams from 
the ice sheet to the north and west. There is only one area of 
this character in Marinette County. It extends from a few 
miles north of ^Marinette south along Green Bay to the county 
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line and is about 6 miles wide. Beyond the county limits it 
reaches south along the shore nearly to the city of Oconto, re- 
taining practically the same width as in ^larinette County. The 
western edge of this area is somewhat more loamy than the rest, 
being influenced by the Miami sandy loam. The old beach line 
of Lake Algonquin constitutes the boundary and is sharply de- 
fined in only a few places, being about 40 feet above the present 
level of Lake Michigan, while the average elevation of the Dun- 
kirk fine sand is probably about 10 to 20 feet above the lake. 

In its primitive state this type was covered with a thick 
growth of jack pine, red oak, and white birch, white and yel- 
low poplar, and some white and Norway pine, and in the wet 
places with tamarack and cedar. Many scattered areas of Peat, 
slightly lower than those of the surrounding soil, occur. These, 
when cleared, or where not forested, are used for hay, of which 
from three-fourths ton to l^/o tons per acre of rather coarse 
quality is secured. Where forested, peat supports tamarack, 
cedar, alder, and a little elm, birch, and ash. The Dunkirk fine 
sand, as a whole, has a very flat surface. The water level is 
only 5 to 10 feet below the surface, and in many minor depress- 
ions the soil shows grayish white mottling, due to imperfect 
drainage. In wet seasons the higher lying fields give much 
the better results, while in dr>' seasons the reverse is true. 

This soil is a typical truck soil, but it is used at the present 
time mainly for general farming. Rye, hay, and potatoes are the 
leading crops; oats and little corn practically complete the list, 

I 

The average yield of r^^'c is 15 to 18 bushels; of hay 1 to 2 tons, 
and of potatoes from 100 to 125 bushels per acre. Oats do not 
yield especially well, ordinarily 20 to 30 bushels per acre. Corn 
yields from 25 to 40 bushels, depending largely on the season. 

Owing to its proximity to the towns of Marinette, Menom- 
inee, i\rich. and Peshtigo, to its productiveness under judicious 
raanagement,and ease of cultivation, the Dunkirk fine sand is 
held at rather high prices — from $50 to $75 an acre. It is' a 
type which responds readily to manure, and this fact, together 
with its nearness to market, makes the keeping of cattle espec- 
ially profitable. Dairying, mainly for the production of butter, 
is prominent on this type. A few are starting in the truck bus- 
iness on a small scale and doubtless in a short time the adapt- 
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ftl)ility of this soil to the trucking industry will be more clearly 
rt^'-ognized, and an important })usiness will be developed, with 
tlic cities of ^larinette and ^lenominee as the primary markets. 
Cl'icago and North Western Railway traverses the type, and 
tl'is fact, together with direct water transportation to Mil- 
waukee. Chicago, and other large Lake cities, will have an im- 
]>oi*tant hearing on the development of the soil in the produc- 
tion of the less perishable kinds of truck crops. 

The following table gives the average results of mechanical 
annlysf^s of the j^oil and subsoil of this type: 

Mechanical anal}fse» of Dunkirk fine sand. 



Numl^er. 



22:17,22719.22721... 
22718,22720.22722... 



Descrip- 
tion. 



Fine Coarse 
srravel.' sand. | ^^JJJ, 



Medi- 
um 



' Per ct. Ptr ct. Per ct. 



Soil, 



Subsoil 



0.1 
.0 



0.0 

o 



2.9 
5.4 




Per ct.' Per ct» 
18.5 ' 11.8 



16.3 



2.5 



Clay. 

Per ct 

0.0 

1.8 



SUPERIOR FIXE SAXDY LOAM. 

The soil of the Superior fine sandy loam consists of 6 to 8 
inches of gray to reddish medium textured sand. Underlying the 
sand, and rather sharply separated from it, occurs a stiff, tenaci- 
(»us, very impen-ious red clay, the red color having a peculiar pin- 
kish red or light chocolate tinge. The clay subsoil is lacustrine in 
origin, having doubtless been laid down at the same time as the 
Superior clay near Green Bay, Duluth, and Superior. The 
Siuuly topsoil is of later glacial origin, having been deposited 
on the clay by subsequent glacial action. This covering of sand 
is of varying thickness; in some places the clay subsoil lies 
practically at the surface, while in others the sand is 2 feet deep. 

This type is found only in limited areas in Marinette County. 
Tho different isolated pat(*hes, north and south of Dunbar, ev- 
idiutly lie in an old drainage basin or depression. In general 
tin* t()]-)ography is level to gently undulating, but the soil is 
nevertheless fairly well drained, as is indicated by the original 
tiinl)er growth of white pine. 

Tlie Superior fine sandy lonm is a very good general farm- 
iDir soil. Its arenl oxtont in Marinette Countv is so limited 
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as to make it comparatively unimportant, but it is known to 
be well adapted to clover and timothy for hay and pasture, to 
potatoes, and root crops. It is especially suited to strawberries 
and raspberries and other bush fruits. Some such special in- 
dustry will doubtless be developed on it in time, as the mining 
country to the north furnishes an excellent market for the fancy 
as well as the staple farm products. 

The following table gives the results of mechanical analyses of 
the soil and subsoil of this type: 

Mechanical an (ibfAeH of Superior fnf sandy loam 



Numl)er. 



Descrli)- 
tlon. 



22757 Hoil 

22758 Subsoil, 




Medl. 

um 

sand. 



Fine 
sand. 



Per ct. 
14.7 

1.0 



Per ct. 
52.3 

3.S 



Very 

fine 

sand. 



Silt. 



Clay. 



I*er ct. Per ct. Per ct. 
11.1 3.2 



13.6 
4.0 



53.6 37.7 



COLOMA LOAM. 

The soil of the Coloma loam is a brownish fine sandy to silty 
loam, with a depth of 6 to 8 inches. The surface 2 or 3 inches 
often has a grayish color. From 8 to 18 inches the subsoil con- 
sists of brown sandy loam to loam. Below 18 inches there occurs 
an increase in the content of sand, and the subsoil as a whole 
is generally lighter and more sandy than the surface soil. 
Throughout the soil and subsoil are found many stones and 
bowlders. 

This stony loam soil, which is known locally as heavy hard- 
wood land, lies in the northwestern part of the county. It is 
derived from the weathering of glacial drift overlying granitic 
rocks of various kinds. Tlie surface is very gently undulating. 
There is a difference of 10 to 50 feet between the elevation of 
the lower lands along the streams and the adjacent higher land, 
but the gentle slope as well as the character of the soil tends 
to prevent damaging erosin. 

This soil covered with dense forests of hardwoods and hem- 
lock (PI. IV fig. IV has a wide extent over Forest County and 
the adjacent region to the west. In ^Marinette County it is un- 
developed agriculturally, and is still lioavily timbered with hard- 
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woods and hemlocks, mainly the latter-named tree. Prom- 
inent among the hardwood species are sugar maple, birch, elm^ 
oak, and some basswood. Inroads upon the forest are now be- 
ing rapidly made by the lumber companies at Goodman and 
Wausaukee. There are one or two farms upon the type in the 
vicinity of the village of Goodman. (PI. IV, fig. 2.) 

The level of ground water in this soil is probably from 10 
to 50 feet from the surface, and sufficient well water for do- 
mestic purposes can very generally })e obtained from the drift 
overlying the hard crystalline rock. The water is excellent, be- 
ing typical soft water. 

The Coloma loam, as just stated is still a virgin soil, un- 
opened to agriculture. The dense stand of hardwoods found 
upon it, however, is a good indicator of considerable natural 
fertility. The excessive quantity of stone in places is an ob- 
jectional feature. On almost every section are areas too stony 
for successful cultivation, but such stony areas are generally 
small and can be conveniently devoted to wood lots or pasture 
lands, and most of the type is sufficiently free from stone to be 
used for farming. 

All the general farm crops can be grown on this soil, but it 
is probably best adapted to potatoes, oats, rye, peas, clover, and 
grasses. It is a favorable type for dairj'ing, and a system of 
agriculture built about dairj^ing as a leading industry is prob- 
ably the most promising. Corn for ensilage and also other 
forage crops can be grown successfully. By developing dairying 
as a leading industry, and giving some attention to sheep raising, 
the productiveness of the farms can be maintained or increased. 

The hardier varieties of apples can undoubtedly be grown 
for home use, and all kinds of garden berries and vegetables can 
be produced. 

No values can be given for cleared farm lands on this type. 
Unimproved cut-over lands containing little or no merchantable 
timber, are held at $5 to $15 an acre. 

The following table gives the average results of mechanical 
analyses of the soil and subsoil of this type: 
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Afe<:hanical analyses of Coloma loam. 



Number. 



Description . 



22723, 22725. 

22724. 22726. 



Soil 

Subsoil. 



Fine I Coai-se 
gravel, sand. 



Per ct. Per ct. 
0.4 3.5 

1.1 5.1 



Med- 
ium 
sand. 



Per ct. 
5.5 
7.d 



Fine 
sand. 



Very 

tine 
^and. 



911t. I Clay. 



Per ct.Per ct. Per ct.lPer ct 



9.4 
12.8 



19.9 
24.0 



52.2 
40.1 



8.6 

7.8 



MUCK. 

!Muek consists of a mixture of organic matter with a rel- 
atively small though varying proportion of mineral materials. 
It has been formed in areas of deficient drainage where a rank 
vegetation flourished. The organic part of the soil represents 
the accumulated decaying remains of plants and the mineral 
portion the more or less finely comminuted rock particles car- 
ried into the depressions by streams or by the wind. The de- 
posits are often many feet in depth. 

The !Muek is generally in a swampy condition. There are 
many such areas in Marinette County. They usually lie along 
the smaller streams, but occasionally form interstream areas 
of considerable extent. 

Some of the wet lands along the streams are treeless and 
called ''hay marshes" while other, generally overflow land, sup- 
port a growth of swamp maple, alder, white birch, and water elm. 
Much of the marsh and swamp areas comprise soils ranging 
texturally from ^Muek to sandy loam, the determining factor 
in separating this type being lack of drainage rather than tex- 
ture. When drained some of the areas of swamp will be prac- 
tically the same as the surrounding type, while others will be 
more like true alluvial soil. Some of the overflow lands are 
very fertile and when cleared and drained will constitute the 
best soils on many farms. A few areas were cleared and used 
for wild hay. 

In addition to the swamps along the rivers and small streams, 
there are numerous swamps of greatly varj^ing size, over inter- 
stream areas, pactioally all of which are covered with a more or 
less valuable growth of cedar, tamarack, or both. The largest 
of these forested swamps does not exceed 4 square miles in area. 
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and most of them could be drained, adding a large area to the 
valuable agricultural land and taxable resources of the county. 

None of the heavy black Muck in the county is under cultiva- 
tion, but when drained this type is valuable for truck crops, 
such as celery, onions, spinach, lettuce, and peppermint. 

PEAT. 

^lost of the Peaty in ^larinette County is situated in the south- 
east corner adjacent to, or surrounded by, the Dunkirk fine sand. 
Locally the areas are called *'peat bogs'* or **hay marsh," to 
distinguish it from the swamps in which cedar or tamarack is 
ahvays found. The true Peat is a level, usually treeless ex- 
panse, very wet in the spring and early summer, and support- 
ing a rank grow'th of marsh grass, cat-tails, mosses, and other 
water-loving plants and shrubs. 

The soil in these areas consists of organic mauer in various 
stages of decomposition, and of varying depth, underlain by a 
medium to coarse grayish-white sand. The average depth of 
the organic material is about 2 feet. In places this covering has 
largely the character of ^luck, but for the most part it is 
more accurately described as Peat, being a brownish or dark 
brown mass of partially rotted moss, leaves, and other veg- 
etable remains of a spongy, coarse consistency. 

iVIuch greater progress has been made in developing this 
type thah in the case of ]\ruck, owing to the proximity of the 
former to the cities of Marinette and Peshtigo. About 2 miles 
west of Marinette a number of progressive farmers have formed 
a drainage district and have successfully drained a large area 
of Peat by digging a deep canal through it. Considerable 
difficulty has been experienced during the last year, however, 
owing to filling in of the ditches by sand, brought in by seepage 
waters from the sides. Diking or riprapping may have to be 
resorted to. 

The State experiment station has had a cooperative station 
located on the Peat west of ]\rarinette. Various experiments 
have been conducted there by the resident farmer, under di- 
rection of the station. 

Where farmers have both the Peat and the sandy soils it is 
best to reserve the manure to be used on the sandy soil and ap- 



SUMMARY. 41 

ply wood ashes and phosphate fertilizers to the Peat, because 
the sandy soils are benefited by all the constituents, especially 
the nitrogen contained in the manure, while the Peat, rich in 
nitrogen, responds to the potash, phosphate, and lime con- 
tained in the ashes. The ashes can be obtained in considerable 
quantities from the mills in Marinette and Menominee. 

ROCK OUTCROP. 

There are a few local areas in Marinette County in which 
ledges of the underlying rock outcrop in suflBcient number 
to make such areas practically worthless for agricultural 
purposes. These have been shown on the map by symbols but 
are included in the areas of other soil types. The principal 
areas of this character occur in Tp. 37, R. 21, Tp. 38, Rs. 20 
and 21, and Tp. 37, R. 18, although there are several smaller 
areas in other townships in the northern part of the county. 
The material composing these outcrops is mostly red and gray 
granite, and to some extent greenstone. 

In the areas mentioned ab6ve, the rock does not appear 
at the surface over the entire area, but does appear so frequently 
and is often so near the surface in the spaces between the 
actual outcrops, that little can ever be done with the 
land agriculturally. The only practical use is for forestry or 
pasturage. Outcropping ledges are by no means uncommon 
all over the area underlain by crystalline formations, which 
embrace approximately the northern three-fifths of the 
county, but except where indicated on the map, are so infre- 
quent as to be practically negligible. 

SUMMARY. 

Marinette County is located in the northeastern part of 
Wisconsin, and has an area of 1,413 square miles. 

The surface varies from nearly level plains to low undulating 
hills. The altitude adjacent to Green Bay is 580 feet, and in 
the northwestern part of the county about 1,500 to 1,600 feet. 
The drainage is through the Menominee and Peshtigo rivers. 

The climate is rigorous in winter and warm in summer, 
the mean winter temperature being 15.7^ F., and the mean 
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summer temperature 64.6° P.*. The average annual precipita- 
tion is 28 inches, about 20 inches for the growing season and 
8 inches for the non-growing season. 

The first settlement in Marinette County was made by the 
fur traders in 1791. The first farm was started in 1826. Agri- 
culture, however, only began to be important in the period 
between 1870 and 1880. 

The county was originally heavily forested with pine, hard- 
woods, and hemlock. Practically all the pine has been cut, 
but heavy stands of hardwoods and hemlock still remt^in in the 
northwestern part. A large part of the county is cut-over 
land. 

In 1905 about 20 per cent of the county was laid out in 
farms, and 6.7 per cent of the county was improved land. In 
1910, U. S. census, 24.2 per cent of the county was in farms, and 
8.7 per cent of the land area of the county was improved. It 
is estimated that the land that will finally be improved is 70 
to 75 per cent of the county. Agriculture, therefore, is still 
in its formative stage. 

Up to very recently the manufacture of lumber products has 
been more important than agriculture. At present, however, 
agriculture is as important as manufacturing, and will prob- 
ably be more important than manufacturing in the future. 

The population of the county increased from 5,057 in 1875 to 
33,810 in 1910. About one-half the population is on the farms 
and one-half in the villages and cities. Most of the population 
is native born. The foreign bom are mainly from Canada, 
Germany, Sweden, Norway, Poland and Denmark. 

The improved land increased from 16,989 acres in 1885 to 
79,474 acres in 1910. The value of the farms in 1885 was less 
than $1,000,000 and in 1910 $6,489,590. 

The county is well supplied with railroads and local markets. 
The city of Marinette, population 14,610.11. S. Census, 1910, is 
the county seat. A county agricultural school is maintained at 
Marinette. A State experimental farm, on sandy soil, is estab- 
lished at Crivitz. 

The soils are of glacial and alluvial origin, derived from 
limestone, sandstone, and granite debris. Seven types of soil, 
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exclusive of Muck, Peat, and Rock outcrop or stony land, were 
mapped. 

The Miami fine sandy loam is undulating land, and supported 
generally a strong growth of heavy hardwood and pine, most of 
which has been cut. It is the best soil in the county and 
suitable to all farm crojps. 

The ColoAia loam, undulating and often stony land, is stiU 
forested with dense growth of hardwoods and hemlocks. 
Though practically undeveloped, it is a fertile soil, as indicted 
by its dense growth of timber. 

The Coloma fine sandy loam is generally undulating to hilly 
land, and originally supported a mixed growth of pine and hard 
woods, mainly oaks. This type is especially well adapted to 
potatoes, com, oats, rye, peas, and clover. 

The Superior fine sand loam is relatively unimportant in 
extent, and consists of sand over a subsoil of red clay on level 
areas. It has about the same crop adaptations as the Coloma 
fine sandv loam. 

The Dunkirk fine said is low, level sandy Jand, associated 
with Peat land within the area of the former Algonquin Lake 
between Marinette and Peshtigo. 

The Coloma fine sand is hilly and undulating land, orig- 
inally forested mainly with white and Norway pine, and some 
jack pine, while the Plainfield sand is level, and is known as 
the jack pine plain type. 

The sandy soils — Dunkirk fine sand, Coloma fine sand, and 
Plainfield sand — are typical truck soils, but under present 
conditions should be devoted to general farming with oats, 
rye, com, potatoes, and the soy bean as principal crops. 
Mammoth clover should be grown extensively in order to 
supply nitrogen and organic material to these sandy soils. 

The Muck areas have not yet been brought under culti- 
vation! The Peat west of Marinette has been cropped suc- 
cessfully where properly drained and fertilization by manure 
or wood ashes has been applied. 

The rough land of the area, that which is too stony to be 
cultivated, should be devoted to forestry or to sheep raising. 

All the soils of the area are given applications of barnyard 
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manure, \}\xt very little commercial fertilizer is used. Mj 
of the soils, especially the sandy types, appear to be in 
acid condition, and would be benefited by applications of lii 

Fruit growing, especially small fruits and bush fruits, migl 
well be extended. Apples, adapted toj the climate, do wi 
on the hardwood types of soils, and with proper care hai 
proven to be a profitable crop. Sugar beets are grown suci 
cessfully on the Miami fine sandy loam. 

Dairying and stock raising are important industries in th< 
county on all soil types, and should be increased, not only foi 
the money profit to be derived, but also as an important m( 
in conjunction with proper crop rotation, including the plen*^ 
tiful growing of clover and the use of fertilizers, in develop* 
ing a system of permanent agriculture. 
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. Purpose of the Investigation. The study made by the 
\mter in 1910, the conclusions of which are set forth in this 
report, was to determine, so far as possible, the age, origin, and 
stratigraphic relations of the red sandstones of the Wisconsin 
coast of Lake Superior. These rocks are, so far as known, en- 
tirely devoid of organic remains. Th^ey were at an early day 
divided into two great groups. Of these the older is character- 
istically composed of grains which are mainly feldspars and 
fragments of igneous rocks, and the strata are nearly always 
considerably tilted. On the other hand, the upper and younger 
group is almost wholly quartz sandstone, and its beds are in 
general approximately horizontal. 

Former investigators recognized that the lower group was a 
part of thie Keweenawan series, but opinions differed as to its 
relation to the upper; some held that they were conformable, 
while others maintained that an unconformity existed, and 
that the upper group probably corresponded to the Cambrian 
of southern Wisconsin, or its conformable downward extension. 

Summary of Results. One of the main results of the pres- 
ent f:tudy was the discovery of the fact that there is a conform- 
able downward gradation from the upper quartz sandstone sed- 
iments into red shales and arkose sandstones which possess the 
same characters as the main body of the recognized Upper Ke- 
weenawan .sediments. At one locality it was found that highly 
tilted feldspathic sediments almost unquestionably belonging to 
the Keweenawan series grade conformably upward into quartz- 
oFo beds, lithologically indistinguishable from and probably con- 
tinuous with the upper group. Furthermore, no evidence was 
discovered which tended to indicate that the two groups are un- 
conformable. While the evidence is not positively conclusive, 
owing to the scarcity of outcrops, it is believed that th'e facts 
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-. waWtint the conclusion that the sandstones form a single con- 
hjrmablc series, so that what has heretofore been called the 

.%.'•./•'* Western sandstone" (here called the Bayfield group) is con- 

* • 

•.'•/ formable with the underlying Upper Keweenawan arkose sedi- 
ments (h^ere called the Oronto group). The results of this work 
sliow that the contact of the upper, or Bayfield, group with the 
Middle Keweenawan traps is a fault. There is some evidence of 
unconformity at this contact. However, it is shown that if 
faulting took place prior to or during the deposition of the 
sandstone, the resulting local unconformity along the fault scarp 
would not demonstrate a great lapse of time between the deposi- 
tion of the adjacent strata. Indeed, it seems certain that fold- 
ing, faulting, and erosion went on during the deposition of 
the entire sandstone series, and that the upper beds therefore 
overlapped with slight unconformity upon the older strata of 
the same series. The difference in degree of folding of the two 
groups of sandstone is correlated with* this fact and with the 
general structure of the region. Although no decisive opinion 
can at present be reached, it appears probable that both groups 
were deposited upon the land in a basin formed by the folding 
of the earlier Keweenawan rocks. 

A detailed study of the lower sandstone group was not under- 
taken. 

It seems probable that the so-called ''red clastic series" which 
fills the continuation of the Lake Superior synclinal beneath the 
flat-lying Paleozoic rocks of Minnesota, is the continuation of 
the red sandstone of the Lake Superior coast. But, as no con- 
tact between these rocks and the recognized light-colored marine 
Upper Cambrian strata is known to be exposed, no definite 
opinion as to their relations can be formed. The results of this 
study, therefore, do not in any way affect the question of the 
age of the Keweenawan with reference to th« Cambrian of the 
Mississippi valley. The evidence necessary to determine this 
question must be sought for along the extension of the upper 
sandstone group (Bayfield group) into Minnesota. However, 
the fact that the Bayfield group was involved in the profound 
deformations of the Keweenawan period, contrasts it sharpiy 
with th'e slightly disturbed strata of the recognized CambriaT* 
pf Wisconsin apd Minnesota, Jt therefore appears from the 
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evidence at hand that the Bayfield group is more closely allied 
to the Algonkian than to the Camhrian. 

The question of the equivalency of the Bayfield group to the 
supposed Cambrian sandstones of the east side of Keweenaw 
Point is not considered in this report. Both formations are 
barren of fossils and are separated by a wide area of older rocks, 
so that no correlation can be attempted with the evidence now 
at hand. 

Method of Field Work. The region in which the forma- 
tions under investigation are situated is very sparsely settled, 
and hence only accesible with considerable diflBculty. A light 
launch was designed especially for the Survey by Dr. Kent T. 
Wood of Madison. This novel craft weighed about 250 pounds 
when ready to run, but could carry three times that weight. 
An efficient and reliable gasoline engine gave it a speed of 
over seven miles an hour on a fuel consumption of one gallon 
for twenty miles. The launch was very seaworthy, even more 
so than many larger craft, and possessed the great advantage 
of light weight, permitting it to be drawn up on the beach out 
of the way of the sudden and violent storms. (See frontispiece, 
Plate I, A). Little time was lost on account of high winds; and 
the engine never failed to start, even when the boat was nearly 
swamped while being launched into the breakers.. A further 
advantage was, that the light draught permitted running close to 
the shx)re. All of the coast exposures were examined in this 
manner, landings being made on the rocks whenever anything 
of interest was observed. About a thousand miles were travelled 
on the lake and its tributary streams in the three months de- 
voted to field work. 

Maps. On shore, the geologist working on a rapid survey 
is obliged to contend with the fact that there are no accurate 
maps of the region. Th^ township plats of the Land Survey, 
while much better than nothing, are quite inaccurate, especially 
in Iron County. Section corners, except a few recently marked, 
can only be found with trouble and delay, and few roads or 
fences follow the land division lines. It is difficult to keep one's 
location at all accurately when following the rocky bed of a 
winding stream. All rivers and creeks on which any exposures 
were reported by former geologists or by present inhabitants of 
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the district, wore exaniinod as thoroughly as the limited time 
available would permit and the importance of the formation 
seemed to warrant. 

The base for the geological map is the general chart of the 
west end of Lake Superior, prepared by the IT. S. Lake Survey.* 

This is accurate only so far as the navigation of large vessels 
requires. In shallow water and on fhore it is unreliable. The 
townslvip lines were adjusted to this base, the inland part of the 
map be'ng based chiefly upon the plats of the V. S. Land Sur- 
vey. The roads ere corrected from obFerv^ations by F. L. jVIus- 
lack of the J^'oi!s Divisi: n of the Ge l(?gici:l and Natural History 
Survey r.nd the writer, rs well as from p^ats furnished by town 
c-erks and others. 

Acknawledgments. The writer was assisted bv E. H. 
Toole of Baraboo. Wisconsin, then a student in the University 
of Wisconsin, who also spent some of his time in collecting plants 
and water lift*. For tlie la>:t three weeks of the season, Thomas 
Turvill of ^ladisou gratuitously contributed his services. 

The work was carried on under the direction of W. O. Hotch- 
kiss. State Geologist, and E. A. Birge, Director of the Wiscon- 
sin Geological and Natural History Survey. !Much valuable 
information was obtained from F. L. Musback of the Soils Div- 
ision of this Survey, who covered all the area east of Range 12 
W. In the preparation of the report, most of those w^ho have 
been interested in the question were consulted. The writer 
wishes to express his indebtedness to Prof. U. S. Grant of North- 
western University, Prof. F. F. Grout of the T'niversity of Min- 
nesota, Prof. A. C. Lane, formerly State Geologist of Michigan, 
Prof. C. K. Leith of the University of Wisconsin, and Dr. Sam- 
uel Weidman of this Survey. 

Acknowledgments are also due to Hon. S. S. Fifield, post- 
master of Aslvland, and his assistants, for much valuable aid at 
the beginning of the expedition; to Prof. J. A. Merrill of the 
Superior State Normal School for well-records and other help ; 
to A. E. Appleyard, president of the Ashland Light, Power & 
Street Railway Co.; to J. E. Johnson, Jr., manager of the Lake 
Superior Iron and Ghemical Co, ; to F. N. Lang of Bayfield and 



1 U. S. Lake Survey Office, Detroit, Mich., Chart 96. 
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C. N. Edin of Dedham — the last three having furnished well- 
records ; to the officers and men of the John Schroeder and J. S. 
Stearns lumher companies, and tlie Good Land Company of 
Ashland, for information and assistance; to William Foley of 
Ashland, to whose infomation is due the discovery of the im- 
portant outcrops on Fish Creek; and to many others, too num- 
erous to mention, who treated our party with great kindness 
and hospitality. 

Expedition of 1912. In June, 1912, the writer spent a week 
in re-examining several important localities. A detailed plane 
table map was mnde of the iinportant exposures on the South 
Fork of Fish CVeek, near Ashland, and a careful but unsuccess- 
ful search was made for exposures between these and the known 
area of the Bayfield group to the north. References to the re- 
sults of this expedition have been incorj^orated in the text. No 
observations were made which materially changed any of the 
opinions formed as a result of the earlier survey. 
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CHAPTER I 



THE TOPOGRAPHY OF THE WISCONSIN 
COAST OF LAKE SUPERIOR. 



General Statement. In order to arrive at a better under- 
standing of the geology of the Wisconsin coast of Lake Superior, 
a brief review of the main topographic features of the district 
is desirable.^ This region may be divided into the following 
more or less well-defined districts : 

The Southern Highland, including the Penokee Range, th^e 

plateau south of it, and the trap hills immediately to the 

north. 

The Trap Ranges of Douglas County and the north coast. 

Thie Bayfield Ridge, including the Pine Barrens to the 

southwest. 
The Apostle Islands. 



1 More detailed accounts of the topography and physiography will be 
found as follows: 

Irving, R. D., Geology of Wisconsin, 1873-9. vol. Ill, pp. 60-211. 

Sweet. E. T., Ibid, pp. 310-352. 

Krey. J., Lake Superior aud Mississippi Canal, House Doc. 330, 
54th Congress, Ist Session, 1896. 

Collie, G.. L., Wisconsin Shore of Lake Superior. Bulletin Geologi- 
cal Society of America, vol. XII, 1901, p. 199. 

Case, E. C, Wisconsin, Its Geology and Physical Geography, Mil- 
waukee, 1907. 

Martin, L., Geology of Lake Superior Region, Monographs U. S. 
Geological Survey, vol. LII, 1911, pp. 85-117. 
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The Western Plain. 
The Eastern Plain. 

The Southern HighlancL The highest elevations occur at 
the southeastern corner of the area shown on the accompany- 
ing map and birds-eye view (Plate 11, p. 8) ; but as seen from 
the lake this region because cf its distance is not as impressive as 
some of the oth^er features. The level skyline seen from the lake 
is formed by the southernmost ridge, sometimes known as the 
Gabbro Range, of Keweenawan traps, whcse northward-dipping, 
steepl3''-ineliiied beds underlie the north slope of this highland. 
At its base is found a low escarpment, formerly known as the 
Copper Range, which marks the border of the traps where they 
are overlain by the sandstones of the lowlands to the north. The 
lower slopes are often heavily mantled with glacial drift, but at 
higher levels there appear bare ridges or hogbacks of rock. 
These culminate in the great escarpment, or Gabbro Range, which 
overlooks the longitudinal valley to the south, followed by the 
railway. This valley is underlain by slates, graywacke, and 
iron formation of Huronian age. 

Beyond this, farther still to the south, rises the Penokee 
Range of slate, quertzite, and lean iron formation, the summits 
of which are some 1,200 feet above the lake or 1,800 feet above 
tide, exceeding but little the elevation of the trap fidge to the 
north. An abrupt slope on the south side of the Penokee Range 
leads down a hundred feet or more to the rolling upland under- 
lain by Archean granites and metamorphic rocks. The streams 
having their sources in this area cross the ridges through deep 
gaps. The larger ones seldom follow the strike of the rocks for any 
great distance, though the strike determines the major lineaments 
of thie country. The tumultuous descent of the streams usually 
ends in a high fall, where the soft sandstone is reached. Nearly 
all of these streams exhibit magnificent rock exposures, and 
outcrops are abundant throughout the Southern Highland dis- 
trict, only a portion of them being shown on the map. 

The Trap Ranges: Douglas County. Stretching across 
Douglas County in the western part of the district, is a compara- 
tively low and much broken ridge, or rather a series of ridges, 
known as the ''Douglas Range," ** Copper Range,'' or ''South 
Range." Its summits do not extend much over 500 feet above 
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the lake, so that as seen from the coast it is not very striking. 
The southern slopes are rather gentle, hut on the north is a 
descent of 50 to 300 feet to the plains which border the lake. 
This ridge is underlain by Keweenawan traps, moderately in- 
clined -to the southeast, and the escarpment marks the contact 
with the sandstones to the north. The streams cross through 
gaps and descend in falls to the lowlands. 

North Bange. Along the north coast in Minnesota occurs 
another range of similar rocks, also dipping to the southeast. It 
is higher than the South Range, and the serrated summits which 
are visible from the soutli coast on any clear day, form a very 
striking skyline. A few miles southwest of Duluth this range 
ends in a bold bluff about 450 feet in height. (See Duluth sheet, 
U. S. Geol. Survey, and Duluth plate, Geology of Minnesota, vol. 
IV, p. 566.) 

The Bayfield Bidge. The l)road peninsula which stretches 
out into the lake east of the Douglas Range, off tlie end of which 
lie the Apostle Islands, is for the greater part of its length the 
*most conspicious topographic feature of the district. The aver- 
age elevation of its summit is nearly 700 feet above the lake, or 
1,300 feet above the sea. Topographically, it is a continuation of 
the Douglas Range and the high country to the south of it, but 
unlike the elevations previously described, the Bayfield Ridge 
so far as known consists wholly of drift. Except along the 
shore and a few of the deepest valleys, exposures of Folid rock 
are absolutely wanting; and these are all of sandstone instead 
of igneous rocks. 

The borders and the northeastern extremity of this ridge are 
cut up into ridges and isolated hills which have the appearance 
of land forms due to erosion. Up to a level of 500 to 550 feet 
above the lake are found terraces cut by the waves of former 
lakes held at th^se levels by the slowly retreating glaciers. These 
abandoned beaches run around the isolated hills and along the 
ridges, often producing the impression of rock escarpments. Tlie 
slopes are cut by many deep ravines. 

The summit of the Bayfield Ridge shows considerable areas of 
very rough, sandy, glacial moraine; the pits between the hum- 
mocks are among thie largest in the state, being often over 150 
feet in depth, and separated from one another by extremely nar- 
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row sharp ridges. Towards the southwest, this sandy country, 
called the **Pine Barrens," is of less relief. A striking feature 
of thi» entire upland is the absence of streams; lakes are found, 
however, the water being prevented from seeping away by the 
occurrence of a* clay layer at a moderate depth. The Barrens 
present a most desolate appearance, now that all the timber has 
been cut. Only a few burnt stubs are left standing out mourn- 
fully above the sweet fern, scrub oaks, and low second growth. 

The Apostle Islands. If we follow the Bayfield Ridge to the 
northeast, where it is broken up into separate hills, we will find 
that the same sort of topography extends beneath the surface of 
the lake, the summits of the hills forming the famous Apostle 
Islands. These islands were so named because once they were 
erroneously supposed to be twelve in number. Twenty-two 
islands now exist, one having succumbed to the attacks of the 
waves, and another having been cut in two since the coming of 
the first explorers. A study of the contours of the lake bottom 
(see map) and bird's eye view (Plate II, p. 8) shows the rela- 
tion of the group to the topography of the mainland. There are 
a number of shoals which a slight fall of the water level would 
make into islands, and the same water stage would join some of 
the present islands to the mainland. On the other hand, the rise 
of the waters would submerge several islands and surround some 
of the hills near the coast. With the gradual lowering of the 
lake level since glacial times, there has been a progressive change 
in the composition of the Apostle group. The mainland has 
steadily been extended to the northeast, while lower and lower 
shoals have. in turn become islands. 

Th« present islands range in size from Madeline, twelve and 
one-half miles in length, to mere rocks, like Little Manitou. They 
vary from a height which is barely above the storm waves, to an 
elevation of 480 feet on Oak Island. Outer, Stockton, and Bear 
Islands are the only others to exceed 100 feet in altitude, most 
being flat and low. The higher ones are terraced by abandoned 
beaclies, none of which, so far as known, exposes any rock. 

The waves of the present level have cut deeper into the land 
than at any other stage, w-ith the possible exception of the highest 
(see p. 13). Their work may be seen in the cliffs, bars, and 
beaches. 
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The (tutting due to the present stage of tlie lake has exposed 
eliffs of tlie red sandstone. They do not exceed 60 feet in 
height, and are almost always eapped with hroken roek and 
drift. All are lined at the foot with fallen blocks, \vhieh, how- 
ever, break up rapidly, so that there is little sandstone shingle. 
These fallen fragments, submerged ledges which sometimes form 
dangerous reefs, and the clean, reddish, sharp sands derived 
from their breaking up, may 'all be seen through the clear, cold, 
greenish waters of the lake. Tn thin-bedded layers only, have 
the waves worn any striking sea caves. The best are on Devils 
Island and near Squaw Bay to the southwest ; but small ones, 
as well as deep coves along joint planes, are seen on the eastern 
end of Stockton Island and at a few other points (see Plates I, 
B, frontispiece: IV, p. :U); V, p. 40; XXIFI A, p. 94). 

A large portion of the shore line is drift. The materials ex- 
posed in the cliffs are mainly stony red clay, although the 
tendency of this material to slump down the bank gives one an 
undue idea of it.s abundance. Sandy till, gravel, and clean 
white or reddish sands are probably more abundant. So far as 
the writer's observations go, they underlie the red clay or clay 
till. Sand beaches are verv^ common but are usually thieklv 

ft •'ft 

strewn with boulders washed out of the drift. Huge fields of 
these, thickly paving the bottom, are frequently seen. Much of 
the ground marked as *^ rocky*' on the chart is of this character. 
Spits of clear sand are found ou the sides of the islands toward 
the mainland, that is, on the most sheltered side. These spits 
have usually been built out from both sides and often enclose a 
pond or swamp. At the outer ends is usually a rapid descent 
into deep water. Some seem to be now wasting away, as on 
Madeline Island, in which case they extend lakeward as shoals, 
^lany br»vs have been cut off bv beaches and in some eases the 
action of the waves has joined two rocky islands into one.^ 

The islands are nearly all densely wooded, some magnificent 
forest being seen in places. Hemlock, balsam, birch, and maple 
predominate. The dark foliage, tofrether with the prevailing red 



1 The bar conncfting Sand Island and the mainland does not appear 
to be wholly wave work. Cf. Collie, G. L., Wisconsin Shore of Lake 
Superior, BuU. Geo!. See. Amer., vol. 12, 1901, p. 199. 
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color of the drift and rocky shores, give the islands a rather 
somber and forbidding appearance. 

Permanent settlement is confined to Sand and Madeline Is- 
lands, but light-houses and fishing stations are found on most of 
the group. Now that the quarries are abandoned, sand is the 
only geological product (see p. 27). Several dredges take this 
material to Duluth from the spit on Oak Island. 

The Western Plain. West from the little settlement at 
Herbster on the northwest side of the Bayfield peninsula, the 
main body of the great Bayfield Ridge leaves the coast. To the 
southwest stretch^es a broad sloping plain, broken at first by a 
few isolated hills like those near the end of the headland. For 
the most part of its length it is bounded on the southeast by the 
escarpment of the Douglas or South Range ; but in some places 
where this is ill defined, it extends across the line of the traps 
up to the highest abandoned shore line which is found to the 
south upon the Pine Barrens. Near Superior the plain broadens, 
being bounded on the north by the North or Minnesota Range. 

The surface of the plain is not level but slopes toward the 
lake at the rate of nearly fifty feet per mile; the inclination 
southwest of Superior, measured along the line of the axis of the 
lake basin, is much less. 

No prominent beach terraces can be seen on the surface of 
this plain, which is broken only by slight marshy sags. It 
is dissected by narrow, steep-sided valleys cut by the numerous 
streams in the underlying soft red clay and fine sand. Thiese 
valleys range from a few feet to over 100 feet in depth, with a 
flat bottom sometimes more than a quarter of a mile in width. 
The abundance of streams contrasts sharply with their rarity in 
the regions of porous sandy subsoil. 

The hike shore (Plate I, A, frontispiece) is a steep cliflf except 
at the mouths of rivers, where clean sand beaches occur. At the 
foot of this cliff is usually a stony beach. In the valleys of the 
streams and in the shore cliff are found infrequent exposures 
of the red sandst(me underlying the drift. 

At the head (jf the lake, southwest from Superior, is a very 
irregular shore line caused by the drowning of the valleys by 
the waters of the lake (see p. 13). Two long sandy beach ridges 
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Vnovm as Minnesota and Wisconsin points, cross the end of the 
lake, enclosing Superior and St. Louis bays. 

The Eastern Plain. In northern Ashland County, hetwoen 
the Southern Highland and the Bayfield Ridge, is a plain which 
differs only from the Western Plain in being more thickly dotted 
with sandy ridges and hills. The slope of this plain is about ten 
feet per mile in the middle, but it is steeper where it laps up 
against the highlands to the south. To the northwest it merges 
into the Bayfield Ridge, spurs of which extend out between the 
streams. The surface of the plain is cut by steep-sided valleys, 
some of which are over a half mile in width. 

Between the irregular shore line of the Bayfield peninsula and 
the Apostle Islands, and the point where the Southern High- 
land strikes the lake at Clinton Point in Iron County, stretches 
a smooth sweep of sand beach. Its western extremity, known as 
Chequamegon Point and Long Island, separates a great depres- 
sion in the shore line from the open lake; this is Ch-equamegon 
Bay. For the most part this bay is very shallow, especially on 
the east side where the bottom is a continuation of the low 
marshy country behind the beach ridge north of Odanah. The 
small break between the point and the island is called the Sand 
Cut and is said to have been first formed by a great storm in 
1872.* As this low ridge alone protects the large bay from the 
violent northeast winds, it does not form a good harbor. A 
breakwater has been found necessary at Ashland. 

Outline of Surftcial Oeology. The subject of the Pleisto- 
cene geology of this district is at present under investigation by 
Mr. Frank Leverett of the U. S. Geological Survey, and the Soils 
Division of this Survey is engaged in a study of the soils and 
agricultural conditions. The U. S. Bureau of Soils has pub- 
lished two reports upon the part of the area west from Range 12 
West.^ Although little time was given by the writer to the 
subject of the surface geology, a brief summary of its main 
points will be given. 



1 Irving, R. I)., Geology of Wisconsin, 1873 9, vol. Til, p. 71. Collie. 
G. L., Wisconsin Shore of Lake Superior, Bull. Geol. Soc. Amer., vol. 12, 
1901, p. 199. 

«U. S. Dept. of Agriculture, Soil Surveys of the Carlton and Su- 
perior Areas, Field Operations, Bureau of 3oiIs, 1904, 1905. 
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Deposits of Pleistocene and BeceUt age form a nearly con- 
tinuous mantle, which with comparatively few exceptions con- 
ceals the hard rocks throughout the whole of the area. Only the 
Southern Highland, the Douglas Range, and the lake cliffis show 
many rock outcrops. The drift deposits range in thickness from 
nothing to nearly 600 feet. The maximum thickness is attained 
in buried valleys under the St. Louis River at Superior a^d 
south of Ashland, and in the Bayfield Moraine. 

The materials of the drift are till, clay, sand, and gravel, 
nearly always of red or yellow color. Water-laid deposits are 
more abundant than ice-laid material. The deeply weathered 
character of the rocks at most points suggests that glacial ero- 
sion was not active, at least toward the end of the ice epoch. 
Far more detailed observations than any heretofore made will 
be needed before the complex history of these deposits is made 
known. The question of the origin of the west end of Lake 
Superior is considered on p. 95. 

At one stage in the retreat of the last ice, the waters of Lake 
Superior* stood so high that they overflowed through a low col 
at the head of the Brule River, at an elevation of some 500 feet 
above the present level, into Lake St. Croix in Douglas County. 
This is known as the Lake Duluth stage. The outlets of the 
lower stages, whose beaches do not indicate as long a duration 
as that of Lake Duluth, are not yet definitely known. At the 
present time a slow tilting of the region along a northwest- 
southeast axis is going on, which is causing the water to advance 
upon the land at most places within this area, the movement 
probably being at a maximum in the vicinity of Superior. The 
large amount of post-glacial erosion as shown by the deep 
stream valleys, is due to the impervious character of the soft red 
clay which forms the surface of a large part of the area. 



1 A brief summary of this subject will be found in an article by 
Frank Leverett, Outline of History of the Great Lakes, 12th report of 
the Michigan Acad, of Sci., 1910, p. 19. 
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CHAPTER II 



PREVIOUS INVESTIGATIONS 



Owen, 1847-60. The first competent geologists to make 
a careful examination of the Wisconsin coast of Lake Superior 
were David D. Owen and his assistants, J. G. Norwood, A. 
Randall, and C. Whittlesey.^ Their explorations were made be- 
fore the completion of the land survey, while the country w^as 
still known as the Chippewa Land District. This survey was 
made for economic purposes, since the question of the disposal 
of the public mineral lands was then a vexed one, as it is today. 
Owen was commissioned by the Treasury Department to classify 
the public lands with regard to their mineral and agricultural 
value. Taking into consideration the state of the countr>% and 
the progress of the science of geology at that time, this piece 
of work was remarkably accurate and thorough. The party ex- 
plored all of the coast and most of the streams, mainly during 
the seasons of 1847 and 1848. 

In his first report, in 1847, Owen concluded, chiefly from 
lithological evidence, that the Lake Superior sandstones were 
post-Carboniferous, for he regarded all the igneous rocks as 
intruded at a geologically recent date. However, in his final 
report of 1852 he withdrew this statement and advanced the 



1 For full titles with annotations refer to bibliography, p. 21. 

Owen, D. D., Report of a Geological Reconnaissance of the Chippewa 
Land District, Senate Doc. 30th Cong., 1st Sess., 1847. 

Report of a Geological Survey of Wisconsin, Iowa, and Minneeota, 
etc. Philadelphia, 1852. 
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hypothesis, hasod on ex{)osures aloii^ St. Croix river, that it was 
a downward continuation of the Mississippi valley Camhrian 
He drew no distinction between the different kinds of sandstone 
upon the lake. Owen also noted the gentle southeasterly dip 
of the strata in the Apostle Islands, and along the south coast, 
a fact which has escaped many subse(iuent observers. 

Whittlesey, 1860. In 1860 (Muirlcs Whittlesey explored the 
eastern part of this district but owing to the abolition of the 
Wisconsin Geological Survey at the time of the war, his report 
was never published. An article entitled '*The Penokee Min- 
eral Range '^ was published by him in 1863; this gives a brief 
description of the district.^ 

Irving, 1873-78. Prof. KoUuid I). Irving was the first geol- 
ogist to study the complex geology of the Lake Superior region 
in thie light of modern knowledge. The eastern half of the dis- 
tri(;t was surveyed under the personal direction of Prof. Irving, 
while the western {)orti()n was (covered by E. T. Sweet. All of 
the known outcro[)s with the exception of those of Fish Creek 
and Oronto River were visited. The main fault of this excel- 
lent piece of work is the failure to show the outcrops upon the 
final maps. This deficiency is supplied in part from the text of 
the final and annual reports; but owing to the destruction of the 
field notes by fire, it is a serious handicap to the geologist who 
atteinpts to retrace the work. 

Irving- naturally spent most of the short time at his disposal 
in a study of the Penokee Iron District, so that the sandstones 
received scant attention. Only a portion of the outcrop on 
Cjiinton Point, Iron ('ounty, was visited; and as the inclined beds 
were not seen, the rock was correlated with the horizontal sand- 



1 Whittlesoy, Charles, The Penokee Mineral Range, Proc. Boston 
See. of Nat. Hist., vol. 9, pp. 2?>:>-U, 1803; reprint in part, Geo!, of Wis., 
187:j-9, vol. Ill, p. 216. 

2 Irving, R. D., Some Points in tlie Geology of Northern Wisconsin, 
Wis. Acad, of Sci. Trans., vol. 2, 1871, pp. 107-119. 

On the Age of the Copper-Bearing Rocks of Lake Superior, 

etc., Amer. Jour. Sci, and Arts, vol. 8, 1874, pp. 46-56. 

Geol. of Wis., 1873-9, vcl. Ill, pp. 1 24. 53-238. 

Copper-Bearing Rocks of Lake Superior, Mon. U. S. Geol. 

Survey, vol. V, 1883; see references below. 
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stcnes of the islands. In his preliminary articles, Irving men- 
tioned horizontal sandstone and shale on Silver Creek near the 
modem village of High Bridge, Ashland County ; but in his later 
monograph he stated that this was an error of Lapham's.^ 

In the Geology of Wisconsin, Irving aflSrmed that there were 
two great unconformable groups of sandstones. This statement 
was based first upon the horizontal attitude of the Bayfield 
sandstone group ; second, upon the supposed unconformity com- 
plicated by slight faulting along the north edge of the Douglas 
Range ; and third, upon the supposed equivalence shown by lith- 
ologic and structural similarity of the upper group to the Cam- 
brian (Eastern, now Jacobsville) sandstone of Michigan. There- 
fore the Bayfield group (called Western by Irving) was assigned 
to that period. Irving was of the opinion that the Bayfield 
Ridge was a continuation of the Douglas Trap Range, although 
he recognized its morainic character. 

Sweet, 1873-77. In 1873, 1875, and 1877, E. T. Swee*: made 
his examinations of this area under Irv^ing's direction. In the 
last year he made a trip along the south coast of Lake Superior 
from Ashland to Superior in the short space of two weeks.* 
Sweet wa« unable to understand the contacts of the traps and 
sandstones along the Douglas Range and so wisely confined him- 
self to the statement that the sandstone was thie younger. On 
Middle River he mistook the horizontal joints for bedding. 

Irving, 1881. After further field work outside of Wiscon- 
sin, Irving completed a report upon the Copper Bearing Rocks 
of Lake Superior.' Although in this work Irving definitely 
asserted the existence of a concealed unconformity between the 
Bayfield and Oronto groups, he conceded that on structural 
grounds there was no reason to separate this upper group (called 



1 Irving, R. D., Copper-Bearing Rocks of Lake Superior, Mon. U. S. 
Geol. Survey, vol. V. 1883, p. 411. 

2 Sweet, E. T., Some notes on the Geology of Northern Wisconsin, 
Wis. Acad, of Scl. Trans, vol. 3, 1876, pp. 40-55. 

Ann. Kept. Wis. Geol. Survey, 1877, p. 4. 

Geol. of Wis.. 1873-9, vol. Ill, pp. 305-362. 

3 Irving, R. D., Copper-Bearing Rocks of Lake Superior, Mon. U. S. 
Geol. Survey, vol. V, 1883. 
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by him Western Lake Superior sandstone) from the underiying 
feldspathic rocks, since both should be horizontal in the vicinity 
of the Apostle Islands.^ 

Winchell, 1872-99. The work of the Geological and Natural 
History Survey of Minnesota was carried on within this area by 
N. H. Winch^ll. The final report wajsr published in 1899" to- 
gether with rather large scale maps showing 50 foot contours. 
Unfortunately these maps do not show outcrops, so that it is 
often difScult to see the basis of the distinction between the areas 
mapped as drift and those where the underlying formations are 
8ht)wn. Moreover, there are several serious errors in the draft- 
ing of the sheets covering the vicinity of Duluth. 

Local details were published from time to time in the annual 
reports, and in 1895 Winchell published two articles which de- 
serve especial attention." These were of a distinctly controver- 
sial nature but many of the points were essentially sound. He 
described the conglomerates of thie St. Louis River and divided 
them into two parts. The lower quartz pebble conglomerate he 
placed at the base of the Keweenawan, and the remainder, which 
contains trap pebbles, as contemporaneous with the last erup- 
tions. This involves the assumption that an unconformity ex- 
ists within the space of a few feet where the exposure happens 
to be covered by debris. He correctly argued that the mere 
presence of trap pebbles in a conglomerate does not imply a post- 
Eeweenawan age, since such pebbles are found in all Keween- 
awan detrital rocks. In other words, folding and erosion must 
have gone on simultaneously with the deposition of sediments 
in other places. Winchell also threw some doubt upon the un- 
conformity supposed by Irving to exist along the Douglas Range, 
suggesting that some of the conglomerate might be faulted up 
from lower horizons. In the second article entitled, **A Rational 
View of the Keweenawan," Winchell formulated the following 
series of objections to Irving 's view as to the unconformity of 
the two sandstone groups. Although his object was to demon- 



1 Irving, R. D., Ibid, pp. 154, 258. 365, 410, plate XXVIII. 

aWincheU, N. H., Geology of Minnesota, 1872-99, vol. IV, pp. 1-24, 
212-225, 550-580. 

s Winchell, N. H., Crucial Points in the Geology of the Lake Superior 
Region, Amer. Geologist, 1895, vol. 16, pp. 75» 150. 

2 
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strate that the entire Keweenavvan was of Cambrian age, a ques- 
tion not considered by the present writer, it is worth while to 

quote these objections: 

» 

There is no permanent pttrographlc distinction between them [the 
t>^o sandstone grcupsj. The red shale and red sandstone, which are 
bald to prevail in the tilted beds lOronto group), are found in great 
volume in the lower poition of the hcrizontal beds (Bayfield group). 
This may be seen by consulting the sections of the horizontal beds 
[ali'ng St. Louis RiverJ  * *. 

The tilted beds [Oronto group] are sometimes horizontal, and the 
horizontal beds [Bayfield groupj are sometimes tilted at high angles. 
[The authcr did not state the localities where this paradox is true.l 

The top of the Keweenawan sandstones has never been observed. 

The bottom of the overlying [Baylleldl sandstones has never 
been observed except wheic, liy regional subsidence, it is non-conform- 
able upon the tilted trai:s or the older lorks. [It may be noted that 
all known contaets with the traps are (omplicated by faulting.) 

In various places the hcrizontal sandstone |of the Mississippi valley], 
even some rf the higher mapnesian limej'tones [no such case Is known 
to the writer], have been seen non-conformable on the traps of the 
lower portion of the Keweenawan, indicating a progressive sutsi- 
dence after the tilting of the traps. 

The non-conlormable contact which is assumed to have taken place 
between the base cf th?^ horizontal .sandstones | Bayfield group] and 
the Keweenawan tilted sandstoTies | Oronto group) has never been 

obi^erved. 

The whole n^gion in which this question centers is one of disturb- 
ance and ciuptivo action. Kven since some of the horizontal sand- 
stones were depositfd there have [ecu such movements [along the 
Douglas and Keweenaw Point fauits) that the sandstones are broken 
and thru-st in various attitudes in their reiation to the trap. 

The shortest observed interval between the horizontal and the tilted 
sandstones within which such none on' ormity must exist, if it exist 
at all, is fci'.r inilcs, viz., ))et\vf en Monti' nl River a.id Clinton Point.' 

If it were to be affiimed that there is no such non-conformable con- 
tact between these sandstones, the statement could not be disproved by 

any known facts. 

If the statement were to be made that the upper part of the Ke- 



1 The sandstones of Clinton Point are not horizontal and do not be- 
long to the Bayfield group (see p. 55). 
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weenawan r Or onto] sandstones passes conformably into the horizontal 

 * * [Bayfield 1 sandstones * * * in all places where they 

are in contact, such statement could not be disproved by any known 

facts, but would be in harmony with all that is known of the formation. 

A figure given by Wincliell showing a generalized section from 
Montreal Kiver to Clinton Point may be mentioned, for the fact 
that it shows horizontal sandstone on Silver Creek in Ashland 
C-ounty, indicating that the author had overlooked Irving 's de- 
nial of the existence of such a formation (see p. 16). 

In his final report of 1899, Winchell expressed his opinion, 
based on the boring at Short Line Park near Duluth, that the 
sandstone- of St. Louis River was deposited contemporaneously 
with the later igneous eiiiptions, the gradual dying out of wiiieli 
** rendered the sandstone more and more siliceous," so that 
*'the upper strata are almost free from the shaley, red sediment 
which characterizes tlie lower portion." It was also stated that 
the sandstones liere found are conformable beneath those of 
known Upper Cambrian age in the Mississippi valley. This con- 
clusion was apparently based, although the evidence is nowhere 
clearly exposed, upon tlie apparent areal connection of the sand- 
stones of the Lake Superior and Mississippi basins. The results 
of deep drilling at Stillwater^ and other points in southeastern 
Minnesota showing a thick red sandstone series beneath the hor- 
izontal Cambrian, were also cited as supporting the conten- 
tion that there was a complete and conformable transition be- 
tween the Upper Cambrian and the Keweenawan traps. 

Grant, 1899-1900. In 1899 Professor U. S. Grant of North- 
western University commenced a study of the Keweenawan 
traps of Wisconsin which were then lacing prospected for cop- 
per, as they have been at inter\^aLs of thirty or forty years ever 
since first discovered. After a slight amount of work in 1900 
the survey w^as discontinued and the notes were never published 
in full. ]\ruch of this valuable material has been made use of 
by the writer for the first tim'e.^ 



1 WincheU, N. H., Natural Gas in Minnesota. Minn. Geol. & Nat. 
Hist. Survey, BuU. V, 1889, p. 25. 

2 Grant, U. S., Preliminary Report on Copper-Bearing Hocks of Doug- 
las County, Wis. Geol, and Nat Hist. Survey, Bull. VI, 1900, 2nd ed. 
1901, 
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. In his report Grant did not touch upon the age of the sand- 
stones, but in a later paper^ he described the contacts which 
occur within the area he studied. He recognized the great amount 
of faulting which has taken place since the deposition of the 
sandstone, as shown by the fold on Middle River. At this place 
he perceived the true bedding, but assumed that the structure 
was anticlinal as he did not observe the ripple marks which 
conclusively demonstrate the overturning of the strata. He saw 
that the great Douglas fault was of the thrust type although 
he showed it as vertical on his structure sections. The evidence 
with regard to the unconformity along this fault he declared to 
be inconclusive. 

OoUie, 1900. In 1900 Prof. G. L. Collie of Beloit College, 
visited the region about Bayfield and made some steamer 
trips through the Apostle Islands. A paper^ published by him 
describes mainly the physiography of the region. His obser- 
vations of the Lake Superior sandstones were very meager, while 
the theoretical conclusions as to the geological history of the 
region are for the most part based upon misconceptions of the 
facts. 

Hall, 1901-08. In 1901 Prof. C. W.IIall of the University 
of Minnesota described the Eeweenawan area of the eastern part 
of that state.* Evidence was cited to show that the great fault 
of Douglas County extends far into Minnesota, but the sections 
are drawn on such an exaggerated vertical scale that the true 
relations are confused. 

In 1908, Hall prepared a paper discussing the great series 
of red sandstones and shales which drill holes have discovered 
beneath' the exposed Paleozoic rocks of southern Minnesota. 
These he stated to be conformable beneath the later sediments 
and to represent a transition between the Paleozoic and Algon- 



1 Grant, U. S., Junction of Lake Superior Sandstone and Keweenaw- 
an Traps in Wisconsin, BuU. Geol. Soc. Amp?r., vol. 13, 19a2, p. 6. 

2 Collie, G. L., Wisconsin Shore of LAke Superior, Bull. Geol. Soc. 
Amer., vol. 12, 1901, p. 199. 

• Hall, G. W., Keweenawan Area of Eastern Minnesota, Bull. QeoL 
Soc. Amer., vol. 12, 1901, p. 313. 
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kian rocks. Unfortunately this paper was never published, an 
abstract only appearing in Science.* 

Lane, 1908. In 1908 Professors A, C. Lane, then state geol- 
ogist of Michigan, and C. K. Leith and Lawrence Martin of the 
University of Wisconsin, visited Clinton Point and parts of 
Montreal and Oronto rivers. They first observed some of the 
inclined beds at the former locality, Professor Lane giving it as 
his opinion that they are conformable upon the formations seen 
to the southeast.^ It was suggested that a fault parallel to that 
on Keweenaw Point might pass through the belt of no expo- 
ures found on Montreal River and thus give, an apparent thick- 
ness of sandstone much in excess of the fact. 

Oront^ 1910. The work of Professor Hall in Minnesota has 
been carried further by Professor F. F. Grout of the University 
of Minnesota. Writing in 1910, he gave a summary of the re- 
cent work.^ He expressed some doubt as to 4:he correlation of 
the sandstones north of the Douglas fault with the fossiliferous 
series of the St. Croix valley which overlie the tilted traps with 
evident unconformity. The areal connection is moreover 
doubted since a wide drift-covered interval occurs between the 
two areas of sandstone. 
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CHAPTER III 



THE BAYFIELD SANDSTONE GROUP 



Limits of the Oroup. The sandstones foimd.alonK the Wis- 
eonsin coast of Lake Superior have long been divided into two 
groups. It is possible to draw a fairly definite line at the base 
of the prevailing quartz sandstones known as the Bayfield group, 
separating them from the underlying arkose sandstones and red 
shales which will hereafter be termed the Oronto group and 
which will be described in Chapter IV. The Bayfield group was 
formerly known as the Western Lake Superior sandstone. Be- 
caiLse the correlation with the Lake Superior sandstone group 
of Michigan is uncertain, it seemed best to give the rocks in 
Wisconsin a new name. 

Areal Extent. Tlie Bayfield group is the highest rock form- 
ation of the area studied. It is the uppermost rock of all of the 
o^ast and islands from the mouth of Pish Creek at the head of 
Chequamegon Bay to the west line of the state; inland it is 
bounded by the Douglas Trap Range so that it underlies all of 
the Western Plain; how much of the Bayfield Ridge is under- 
lain by sandstone is unknown on account of the heavy drift. So 
far as known, it never rises more than about 400 feet above the 
lake. The strata are, over most of this area, gently inclined to the 
southeast at low angles with a maximum of about five degrees. 
Apparently this dip decrea*ses towards the southeast. Locally 
considerable folds are found (see p. 62), which bring to the sur- 
face rocks believed to belong to the underlying Oronto group. 
The Bayfield group extends into Minnesota and may possibly run 
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beneath the Upper Cambrian sandstones, but its relations to 
them are as yet unknown. 

Subdivisions. The present study has shown that the Bay- 
field group as seen in Wisconsin may be divided into the follow- 
ing formations, beginning at thie top ; 

Approximate thickneMS 
Chequamegon Sandstone, Red and white sandstone 
composed predominantly of quartz grains, with 

thin lenticular beds of red sandy shale 1,000 feet 

Devils Island Sandstone, Pink and white pure 

quartz sandstone with abundant ripple marks 300 ' * 

Orienta Sandstone. Like the Chequamegon in its 
upper part» but containing more feldspar grains 
especially towards the base 3 ,000 



Total tbiikness, about 4,300 feet 

Composition. Although predominantly a red sandstone, the 
Bayfield group is not wholly of that color. In many beds, and 
throughout most of the Devils Island formation, lighter colors 
prevail, ranging from pink, through yellow and light brown to 
gray and white. The very dark red **brownstone," widely 
known as a building stone, comprises only a small part of the 
group. 

In size of grain the rocks vary from coarse pebbly grits down 
to shales, although very little fine clay occurs. (See. Plates 
Til, p. 26, and VI, p. 44). The coarse grits' are usually the 
lightest colored bods, and the thin bedded fine grained layers 
are usually the darkest in tint. The size of grain often varies 
very rapidly, but is usually coarsest near to bedding planes. The 
cement is generally quartz ; the iron oxide, even where abundant, 
not being important as a cementing material. The iron usu- 
ally coats the surfaces of the grains. Crystal faces due to en- 
largement of quartz grains, which are often so conspicuous in the 
sandstones of southern Wisconsin, are seldom observed. Enlarge- 
ments of grains are nevertheless common but are nearly always 
quite irregular in form. The degree of rounding of the grains is 



1 In the use of the term "grit", the writer returns to its original 
meaning, a rocK intermediate between sandstone and conglomerate. 
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A. Chpqiinniegon sandslonp from quarry at Houghton, Baj-flcid CauDtf (Bpecl- 
men 4T1S). Til? llghtH^olor^il grains, nreraglrg .:IS mm. Id diameter, are quartz. 
nad Bbow Irregular aecondar; enlargementB, wbirb hav? accentuated their angu- 
Iflrltf. The gray grains are mainly somewhat decomposed tvldspars, and the 
black areas are ferric oxide. 

B. Chequamegon sandalone from quarry oa BasBWOod Island (specimen 47HI. 
In tllla section, ibe grains are somewhat mnir rounded Ihsn in A. Feldspar Is 
not  abundant. Tb? grains run up (o .41) mm. In diameter. 
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variable, the best rounded grains being those of the Devils 
Island formation, while in the other formations the grains are 
usually subangular.* They contrast sharply with th-e smooth 
grains of the sandstones in southern Wisconsin (see p. 101). 

The materials of the sandstones of the Bayfield group are in 
order of abundance : quartz, feldspars (both orthoclase and plag- 
ioclase), micas, iron oxides (both magnetite and limonite), 
chert, and ferromagnesian minerals. Often the materials other 
than quartz comprise nearly one-fourth of the rock. Most of 
these minerals are end products of weathering, so that the rock is 
very resistant to the action of the atmosphere. The feldspars, 
however, are nearly always somewhat decomposed, and in the 
more porous sandstones have often been weathered into little 
specks of white kaolin. It appears probable that a large part of 
the decomposition has taken place since the deposition of the 
rock, since otherwise the forms of the grains would not have been 
preserved so perfectly. Sometimes sands largely composed of 
magnetite grains occur. The Devils Island fom^iation is an ex- 
ception to the most part of the group in being nearly pure 
quartz sandstone, of medium to fine grain. 

The following chemical analyses confirm the results obtained 
by the examination of thin sections (Plates III, p. 26, and VI, 
p. 44). The amount of feldspar is considerable and appears to 
be greater in the lower members of the group. 



1 Irving. R. D., Geol. of Wisconsin, 1873-79, vol. Ill, p. 207. 
Buckley, E. R., Building and Ornamautal Stones of Wisconsin, Wis. 
Geol. and Nat. Hist. Survey. Bull. IV, p. 172. 

Tfote: It Is this angularity of the grains which makes the sands de- 
rived from the sandstone valuable for concrete. Lake sands washed 
from the drift, like those of Minnesota Point, are much more rounded 
and hence less desirable. (See p. 11.) 
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ANALYSES OF SANDSTONES OF THE BAYFIELD GROUPi 



CHEQIJAMEGON SANDSTONE 
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Shale Beds. Small lenticular IxhLs of shale, seldom over 
five feet in thiekness, are found throughout the Che(|uaniegon and 
Orienta sandstones. These arc almost wholly of a sandy, mica- 
ceous character, little fine clay being found. In color they are 
usually the darkest parts of the rock, being a deep red tint, but 
are almost always streaked or spotted with yellow or white; less 
commonly, gray and green sandy shales are found. A very fre- 
quent accompaniment of these beds is a few inches of yellowish, 
coarse, and often pebbly sandstone above or below, or on both 
sides of the red bed. Sometimes pe])bles occur in the shale it- 
self. The shale I eds are most common in hollows or troughs in 
the bedding, less often on inclined bedding planes (Fig. 1). 
Their horizontal extent is always small; they either pinch out 
or grade into thin bedded sandstone or curve up so that the lay- 
ers are cut off by the overlying sandstone bed. 



1 Ncs. 2. 3, 4 and 8 by E. T. Sweet, Geol. of Wis., vol. Ill, p. 208. Nos. 
1 and 6 by W. W. Daniolls. Wis. Geol. and Nat. Hist. Survey, Bull. IV, 
p. 420. No. 7, Geol. of Minnesota, vol. I, pp. 200, 202. No 5, by J. G. 
Norwood, Chippewa Land District, 1847, p. 56; Geol. Survey of Wis., 
etc., 1852, p. 188. 
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Bedding. As a whole, the Bayfield group in very irr«*gti- 
larly bedded, in contrast to the even bedded calcareous Band- 
stones of southern Wisconsin. Tliis fact makes it hard to de- 
scribe the features satisfactorily. The individual beds range in 
thickness from a fraction of an inch to over twenty feet, but 
within these massive beds are minor bedding planes which are 
more evident on natural exposures than in the (juarries. The 




 3 f e e t . 
Fui. 1. Hoildln^ In Orlonta snndKtonf, SIskowIt Pt., Bayfield County. 

most striking and interesting feature of the bedding is what may 
1 e called *'do,wn curves." These are usually seen only in cross 

Frction so that their character in three dimensions can not be ob- 

• 

served. Tiiey may be sections of curved cross bedding, or actual 
troughs. In width they range up to 200 feet, but most are of 
far less size. Two of the clearest seen are shown in Plate IV, 
p. 30, and Fig. 2. The first shown is not over twenty-five feet 
acrov^s and is filled with curved beds. Sometimes the filling is 
a bed of red shale, or beds of horizontal sandstone, usually thin- 






••  • • . 



'■•.•■" ••m '-■•-■ 



•-Jk^^ 



J  • 



Kn;. 2. 



. Hoot . 

Channel in sandstono layers -Quarry northeast of Wanhbum, Bay- 
field County. 



ner-1 cdded than the lock below. Oftentimes the re\ition of the 
down curve t^ the underlying rock is not clear; but in the in- 
stance shown in Plate IV, B, the underlying rock is cross 
bedded ; here it is seen that the depression cuts through the pre- 
viously deposited layers. In other instances the down curve ap- 
pears to be an actual bend in the bedding. 

The origin of these interesting features is thought to be in 
part curved cress bedding (cf. p. 30) and in part erosion by 
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streams or currents of beds previously deposited. In this case 
the hypothesis of subaerial origin of the formation is favored. 
The great diversity of forms, often incom])lete in development, 
leads one to think that different agencies caused the various 
forms. 

A less common feature is an upward bending of the strat^i 
as shown in Plate I, B, frontispiece, and Fig. 3. Sometimes 
even sharper forms occur, but most are comparatively gentle 
domes or ridges. 

Cross bedding is very common, scarcely an exposure being free 
from it. Every gradation from the normal type to the pecu- 
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nodding in Orienta sandstone, ' A pin icon River, Douglas County. 



liar features described above can be found. Usually the inclined 
layers do not extend through more than a few feet of stratigra- 
phic thickness, but some long gently inclined partings may rep- 
resent cross bedding developed on a huge scale. At some places, 
where the waves have washed off a large terrace along the shore, 
cross bedding may be seen in three dimensions. Then the in- 
clined layers are often found to be curved into sags, domes, and 
other irregular forms; as suggested, many down curved layers 
may be simply cross sections of this kind of cross bedding. 

The dip of the inclined beds is often rather steep, but no cross 
bedding of the type usually ascribed to wind action was obsen^ed. 
The direction of dip was observed with some care. It is almost 
always toward a northerly or easterly direction. In the Devils 
Island sandstones alone are southerly or southwesterly dips at 
all common, although they are found occasionally in all the 
lower strata. The significance of this fact is the presumption 
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that the material for this formation was brought mainly from 
the northealit, while that of most of the group came from the 
opposite direction. 

Iron Banding. In noting the colors of the Bayfield group 
the observer is often confused by the tendency of the red beds to 
weathier white, while many white beds are discolored to a brown 
shade on the surface or are stained red by iron from overlaying 
rocks or drift. Much more light colored sandstone exists than is 
generally supposed. The rapid variations of color are often very 
striking. When the change takes place along a joint it gives the 
appearance of a fault which is often very deceptive. In general 
it may be said, that the coarse grained and often the thick bedded 
layers are lightest in tint, while the thin bedded and shaley beds 
are both darkest and most varied in color, although most affected 
by spots and streaks of lighter tint. Mottling and irregular 
blotching of red and white, however, is not confined to these 
beds. When this kind of rock is seen below water, where the 
surfaces are cleaner and the colors brighter than where exposed 
to the air, the effect is very striking. Sometimes red circles are 
seen in white sandstone, inclosing spots of white. Often very 
irregular markings occur. Fine banding along the bedding is by 
far the most common, but one seldom has to follow the bands far 
before they leave the planes of deposition to form irregular 
curves. True concretions of iron oxide are, however, not very 
common. 

The origin of these varied features is evidently the work of 
ground water, but the reason for the curious forms is not known. 
It appears probable that most of the iron was originally deposit- 
ed in the thin-bedded, fine grained layers and in the massive 
brown^tones, and that it has spread from them into the rest of 
the rock. The light color of the coarse grained sediments sug- 
gests either the action of leaching of these more porous beds, or 
that the iron was never deposited in them. A striking instance 
of secondary coloration was observed in a cross bedded 
layer near Pikes Quarry, Bayfield County, in which the upper 
half was red and the lower nearly white, the line of junction 
thus cutting the bedding. Although the iron oxide is not an 
important cement in the firm brownstone, it may be the dom- 
inant cement in some of the less ipdurated sandstones, no thin 



82 BAYFIELD GROUP. 

sections of which have been examined. The writer is inclined 
to believe that such curious forms as are shown in Plate I, 
B, frontispiece, are due to partings along the lines of iron band- 
ing. Generally these apparent folds or nharp basins occur along 
joints, thus strengthening the suggestion of an origin due to ir- 
regular cementation, although, however, all are not to be ex- 
plained in this manner. 

Pebbles and Clay Pockets. In a formation entirely din'oi<l 
of fossils, like the Bayfield group of sandstones, the derivation 
of the pebbles in the conglomerates is a subject of considerable 
importance. No thick heds of conglomerate occur within the 
group, but pebbles are found very (•ommonly on both normal and 
cross bedding planes and to a less extent scattered through the 
sandstone or even through the shale. The Devils Island sand- 
stone, however, is free from them. In size these pebbles average 
about rn inch in diameter, the largest Ijeing .some four inches 
across. All are well rounded. By far the greater portion of 
the peb])les are porphyries and amygdaloids with some basic 
traps; these were obviously derived from the Middle Keween- 
awan. Next follow in order of their abundance, vein quartz, red 
and white quartzite, iron formation, chert, slate, and granite, 
all derived from the Iluronian and older rocks.* It should be 
noted that all the pebbles with the exception of the traps are 
of very resi&tant rocks, while even those are the hardest parts 
of the formations from which they w^re once worn. No debris 
from the recognized Keweenawan sediments (Oronto group, etc.) 
could be discovered. 

Often associated with the pebble deposits are small cavities 
which when seen in fresh sandstone are found to contain red or 
green clay. Many of these show remnants of decomposed trap 
pebbles making their origin at once evident. Others are larger 
and of irregular shape. Yet others are small and flattened, ap- 
pearing at first sight much like the casts of shells. But again, 
in fresh rock thev are always found to be filled with clav. A 
common feature of clay pockets occuring in red rock is a sur- 
rounding rim of white. 



1 Owing to weathering, the Identification of many of the small trap 
pebbles is quite difficult. 
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The origin of the irregular or flattened clay pockets must 
he nodules of clay laid down with the rock^ Such clay lumps 
are often found in recent deposits. They are formed of flakes 
of somewhat indurated clav which will not mix with sand, or 
washed cut by streams, or dried and broken up by sun and 
wind in connection with mud cracks. Mud cracks are not 
often found in the Bayfield group of sandstones, owing to 
the scarcity of clay and the ease with which they are over- 
looked in natural exposures. 

Chequamegon Sandstone 

Qeneral Character and Extent. The youngest formation of 
the group is the Chequamegon sandstone, so named from the ex- 
posures in the now almost idle quarries on Houghton Point on 
Chequamegon Bay, Bayfield County. In areal distribution, this 
formation underlies all the Apostle Islands southeast of a line 
-drawn from Sand Point to Devils Island. How far it extends 
beneath the thick drift of the Bayfield Ridge is a matter of con- 
jecture. The Chequamegon formation consists mainly of brown 
•quartzose sandstone. 

Thickness. As the initial dip of the formation could hardly 
have been over one degree, or about 100 feet per mile, and thaV 
presumably towards the northeast (cf. p. 102) we may compute 
a thickness of nearly two thousand feet ; but in order to allow 
for the probable lessening in dip towards the southeast, as well 
SiS a tendency to overestimate the degree of inclination, a thick- 
ness of 1000 feet is regarded as nearer the truth. 

Qeneral Section. The Chequamegon sandstone may be di- 
vided into several more or less distinct members as follows: 

Washburn beds. Soft red and white sandstones with much band- 
ing and mottling of the colors; beds usually thin with few peb- 
bles or shale layers, which sometimes show mud cracks. 

Quarry or Brownstone beds. Heavily-bedded dark brown ferru- 
ginous sandstone with pebbles and clay pockets; between heavy 
beds are thin-bedded layers and lenses of red, micaceous shale. 



1 The writer did not observe any evidences of decomposing trap 
boulders. Cf. Irving, R. D., Geol. of Wis., 1873-9, vol. Ill, p. 209. 
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Main beds. Much the same as the brownstone but with more ir- 
regular bedding, cross bedding, light ^colored and coarse pebbly' 
sandstone, and red shale beds. (It may be that the quarry rock 
is only a phase of this division.) 

Basal beds. Thick, cross-bedded layers of white or brownish 
sandstone with pebbles; lenses of red and yellow thin-bedded 
rock; some ripple marks. 

LOCAL DETAILS. 

The youngest or Washburn beds of the Chequamegon sand- 
stone jare seen in the shore eliflfs south of Washburn on Che- 
quamegon Bay. Here are exposures up to nearly 40 feet in 
heighl; of soft sandstone of all colors. There are many rapid 
variations from white to the darkest red, while mottling is very 
common. No pebbles were observed. The beds range from sev- 
eral feet in thickness down to a fraction of an inch in the dark 
red sandy shale beds. 

At the Barksdaie works of the E. I. Du Pont Denemours Pow- 
der Co. a well shows the greatest thickness of the Chequamegon 
sandstone known at one locality. It is clear that the Devila 
Island sandstone was not reached. 

LOO OF WELL AT BABKSDALE POWDER WORKS 

Drilled in 190«. Situated in sec. 23, T. 48, R. 5 W. at elevation of 
about 750 ft. A. T. Samples sent by courtesy of U. S. Geological Sur^ 
vey. 

Sample No. ' Thickness Depth- 

Pleistocene: Feet Feet 

1 Grayish-red, sandy, non-calcareous clay 70 

2 Very calcareous reddish-gray "hard-pan" or 

sandy cemented till 20 SO- 

Chequamegon sandstone: 

3 Soft medium grained light reddish quartz 

sandstone '. 18 

4 The same, slightly darker and harder 27 

5 Pinkish white coarser and subangular grained 

quartz sandstone 25 

6 Soft; finer grained reddish quartz sandstone 20 

7 Soft, very coarse gritty or conglomeritic red 

sandstone mixed with some finer sandstone 20 
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8 Soft, nearly pure quartz sandstone, grains 

subangular and of medium size 30 

9 Sample missing. Said to be same as last... 15 

10 Soft fine to medium grained pinkish quartz 

sandstone ; 15 

11 Much the same as the last but with somewhat 

more rounded grains 20 

12 Nearly pure white sandstone, otherwise same 

^8 last 20 

13 Sample missing. Said to be soft red sandstone 45 

14 Sample missing. Said to be white conglom- 

erate with much water 30 375 



t 



Depth of well 375 Zto 

At the quarry just north of the city very similar rock is seen. 
(see Fig. 2, p. 2D). Between tlie thicker beds occur thin-bedded 
4Uid shaley partings which sometimes show mud cracks. These 
exposures show a dip of about one degree to the south. 

Only comparatively small exposures occur on Madeline Island, 
the best being on the northernmost point. These beds show a 
darker color, together with red shaley beds, and pebbly Irfyers. 
They appear to be a portion of the quarry beds. 

The now virtually idle quarries on Houghton Point north of 
WaAburn are in heavily-bedded brownstone.^ Between the 
heavy layers is frequently found a foot or more of thin-bedded or 
softer sandstone, while lenses of red micaceous shale often occur. 
At other places the bedding planes are marked by coarse yellowish 
grits or layers of pebbles. Clay pockets also occur. Plate III, 
A, p. 26, shows a thin section from this locality. 

Pike's quarry south of Salmo shows th-e greatest vertical ex- 
tent of the formation so far as known in any single exposure. 
The following section, from top down, shows the downward grada- 
tion of the quarry beds (numbers 7 to 9) to the less regularly 
bedded and variable colored layers of the main beds : 



■1 Buckley, B. R., Building and Ornamental Stones of Wisconsin, 
Wis. Geol. ft Nat. Hist. Surv., Bull. IV, 1898, pp. 187-192. 
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SECTION AT pike's QUARnY, SEC. 33, T. 50, R. 4 W. 

Thickness^ 

9 Weathered and broken brownstone 23 feet 

8 Thin bedded and cross bedded red shaley sandstone with 

yellow streaks 6 

7 Heavily bedded brownstone with very few clay pockets, the 

best quarry rock 33 

6 Unexposed below level of railway track 15 

5 Heavily bedded brownstone in lake cliff, the top much 

broken up 35 

4 Thin bedded, red, shaley sandstone 8 

3 Heavy layer of brownstone 8 

2 Gray to deep red, yellow, and white sandstone, varies from 

shaley to pebbly with much cross bedding, the coarser 

phases having the lighter colors 12 

1 Heavily bedded coarse pebbly brown sandstone 20 

Total thickness, about 150 feet 

Tminediately south of the docks at Bayfield is a good exposure 
of brown sandstone in the cliffs. The usual thin bedded and 
pandy shale partings occur between the beds, and in one place 
is found a small lense of pure clay shale, a foot or two in thick- 
ness. This is of var>dng shades from deep red to gray and green, 
and grades into the usual sandy shale; the associated yellow 
sandstone layers are also seen. 

On the south end of Basswood Island is an abandoned quarry 
which shows about 25 feet of brownstone in heavy layers.^ The 
bedding planes are curved both up and down from the normal. 
A shale layer is found between the brownstone beds in the quarry 
and the same material is said to have been reached by boring 
not far below the bottom of the quarry. Pebbles and clay pock- 
ets are abundant. Plate III, B, p. 26, .«hows a. thin section of 
this rock. 

A small quarry was once operated on the northeast comer of 
Hermit or Wilson Island. ^ The neighboring shore cliff shows thin 
bedded and cross bedded yellow and white mottled layers be- 



1 Ibid., pp. 178-182. 

2 Ibid., p. 185. 
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tvveen the heavy beds of brownstone. A thin section shows 
fc^irly well rounded grains averaging nearly 0.4 mm in diameter. 
About a fourth is altered feldspar including much microcline, 
although orthoclase is predominant. 

Stockton Island shows extensive outcrops on its eastern end. 
There the waves from the open lake have worn some striking- 
caves and deep coves along the joints. The sandstone is some- 
what redder in color than the quarry beds. A few shaley layers 
are seen but most of the bedding is heavy. Some long partings- 
dipping gently to the south resemble, huge cross bedding, but 
are probably inclined joints. Cross bedding is common. At 
the southeastern end of the exposures occurs hard, cross bedded^ 
white sandstone. Similar rock is also seen on Presque Isle 
Point. 

Near the southwest comer of Stockton Island is a large aban- 
doned quarry which shows a thickness of 73 feet of brownstone 
in the main opening.^ Above this another excavation discloses 
rock which is mottled with white. The upper layers all shx)w 
clay pockets. The partings are often shaley and show cross 
bedding. They pinch out rapidly, never having any great hor- 
izontal extent. Sometimes they end on downward pitches of the 
bedding, but in other places the layers bend up and are cut off 
by the heavy layer above as cross bedded layers are. 

Outer Island exhibits a fine exposure along almost the en- 
tire length of its eastern side. The sandstone is much varied 
in color, ranging from the usual brownstone to pvre white. 
The changes are very rapid and often take place along joints. 
In general the coarse grained cross bedded layers are lightest 
in tint. Plate I, B, frontispieie, represents a curve in the bed- 
ding seen near the southern end of the island ; others occur but 
are not so distinct. 

Spme interesting exposures occur on the east side of Oak Is- 
land. At the northeastern corner, heavy beds of brownstone 
with interbedded dark shaley layers are seen. Coarse yellow 
grits also occur. Toward the south, lenses of thin bedded yel- 
low and white banded sandstone appear, and also some hard 
white and brown coarse pebbly layers. 



2 Ibid., p. 183. 
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On Point Detour and the adjacent headlands^ occur beds of 
brown sandstone with the usual shaley partings. The depth 
to which weathering liere extends is unusual, being often 20 
feet or more. 

North Twin Island shows strata near the bottom of the Che- 
quamegon formation. White to brownish heavy cross bedded 
layers with occasional large rip[)le marks occur. 

Bear Island shows on its eastern coast a very good section. 
The southeasterly dip is here more pronounced than it is to 
the southeast, so that some 400 feet of the stratigraphic thick- 
ness is apparently seen. However, the layers pinch out and 
vary so rapidly that an exact determination is impossible. As 
we go north we descend to successively older and older strata. 
At the south, brown sandstone with irregular cross bedding and 
lenses of thin bedded yellow and pink sandstone occur. 
But towards the north end the color becomes gradually lighter 
until hard cross bedded white beds take their place. These 
basal beds show a few ripple marks. At some points wide ter- 
races of rock have been washed clean by the storms so that an 
excellent opportunity is given to study the curious forms of 
the curved cross bedded layers (see p. 30). 

On York Island, at the northwestern cape, is a fine exposure 
of the basal layers in a clean wave-swept terrace. White and 
reddish sandstone, with grit and conglomerate, occur as well as 
small lenses of thin bedded red and pink layers. 

At the south end of Devils Island, which is entirely surrounded 
by a rock cliff, the light colored basal layers of the Chequamegon 
sandstone are seen. There are interbedded layers similar to 
the main body of underlying Devils Island sandstone, so that 
no very sharp line of demarkation can be draw^n. 

Devils Island Sandstone. 

• 

General Character and Extent. The formation of the Bay- 
field group, which conformably underlies the Chequamegon 
sandstone, is called the Devils Island standstone, from the ex- 
cellent exposures on the island of that name. It is distinguished 



1 Owen, D. D., Chippewa LAnd District, p. 54; Geol. Survey of Wla., 
•etc., pp. 268. 305. 
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from the other formations of this group by its thin bedding, well 
rounded, medium sized quartz grains, which are almost free 
from any coating of iron oxide, by ripple marks, and by its pink 
and w^hite color. Banding and mottling of the colors is frequent. 
A few iron concretions occur. No shale beds, feldspar grains, 
clay pockets or pebbles are known in this formation. The form- 
ation is much more porous and friable than the others of the 
group. For that reason more striking and larger sea caves have 
been worn in the Devils Island sandstone than in any other hor- 
izon. 

The Devils Island sandstone outcrops along a narrow belt 
stretching for twenty-five miles southwest from the island from 
which it takes its name. Fine exposures occur in the cliffs of 
Sand Island and Squaw Bay (Plates V, B, XXIII, A, p. 94).^ 
Lesser ones are seen on Siskowit River and Lost Creek near 
Cornucopia. Twenty-five miles to the southwest an isolated ex- 
posure on Brule River corresponds so closely in character, that 
there is little doubt that it is to be placed in this formation. 
According to the writer's interpretation of the structure of the 
district, this formation must lie immediately beneath the drift 
south of Washburn, but no exposures of it are there known. 
It may pinch out or otherwise disappear in the interval. 

Thicloiess. The thickness of the Devils Island sandstone 
cannot be directly measured, but a computation based upon the 
width of outcrop and average dip places the figure at about 
300 feet. 

Ripple. Marks. The only portion of the Bavfield group 
which shows ripplemarks in any abundance, is the Devils Is- 
land sandstone and some of the beds immediately above and 
below. The accompanying diagrams show the most common 
types. Most have symmetrical ridges, little if any sharper than 
the intervening troughs. The other type has one side of the 
ridge much steeper than the other, as shown in Fig. 4, c, and Fig. 
5, p. 40. Few were observed which show the subordinate ridge 
in the hollow, such as is often seen in modern ripple marks 
formed on the lake bottom (Fig. 4, b). This is, how'ever, a 



1 Owen, D. D., Chippewa Land District, p. 55; Geo!. Survey of Wis., 
etc., p. 268. 
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feature which is readily overlooked. The ripple marks occur 
both on cross and normal bedding planes, and where marked by 
a cement of iron along the bedding the eflfect upon the outcrop 
is very striking (Fig. 5). In size they average one to two 
inches from crest to crest, but occasionally much larger ones 

« 

are seen. 







Fig. 4. Types of ripple marks. 

It is believed that the symmetrical ripplemarks are the result 
of wave action in standing water; and that the unsymmetrieal 
form (Fig. 4, c) was formed by currents, either of water or air. 

Or^ss Bedding. The common cross bedding of the Devils 
Island formation is more regular than much of that in the 
other members of the Bayfield group.* The curious irregular 
i'urvcd forms there noted are seldom seen. The direction of 




Fig. 



5. 



Ripple mnrkiit marked by iron banding; In Devils Island sandstone 
I Specimen 11.058). One-half size. 



dip of the layers is usually to the south or southwest but there 
are some exceptions, although on the whole it is conspicuous 
for being in a direction opposite to that prevailing in the other 
formations. This fact is thought to mean that the material of 
the Devils Island sandstone was brought from a different direc- 
tion. 
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Oriknt.v Sandstcjne 



Qeneral Character and Extent. Underlying the Devils Is- 
land sandstone oeeurs tine lowest formation of the Bayfield group, 
the Orienta sandstone, so called from its exposure in the quar- 
ries near the village of that name. In its upper portion this 
formation resemhles the Chequamegon sandstone very closely, so 
that the possibility of repetition of that formation by faulting 
was considered. It is seen, however, that in the vicinity of Cor- 
nucopia the uppermost beds of the Orienta pass beneath the 
Devils Island sandstone, although the actual contact is not ex- 
posed so far as known. Moreover, there is no repetition, so 
far as could be discovered, of the Devils Island formation to the 
wei^t. In its lower portion, and indeed to some extent through- 
out, the Orienta contains more feldspar, mica and magnetite 
grains than the younger formations, the relative amount in- 
creasing towards the bottom, as do beds of red shale. 

The Orienta sandstone underlies the Western Plain, extend- 
ing from the line of outcrop of the Devils Island formation, all 
along the south coast north of the Douglas Range and into Min- 
nesota. Folding brings it up near Ashland, where rock be- 
lieved to be a part of it outcrops on the South Fork of Fish 
Creek, and it is found beneath the thick drift in deep wells. 

Thickness. As with the Chequamegon. there is no direct 
means of meai?uring the thickness of the Orienta sandstone. A 
computation based on a uniform dip of but one degree places the 
thickness on Brule River at about 1000 feet. This section is 
not good enough to be correlated with that shown on Middle 
River, where the formation is turned up by the thrust fault of 
the Douglas Range, exposing some 2,700 feet. As the Devils Is- 
land formation does not occur there, it appears certain that the 
Middle River section is all Orienta sandstone, thus placing 
the total thickness of the formation at 3,000 to 3.500 feet ; 2,495 
feet of this formation is penetrated by the deep well at Ashland 
(see p. 65), and 1,110 feet is exposed on Fifeh Creek. 

Qeneral Section. The following section shows the subdivis- 
ions of the Orienta sandstone from the top down. In tbe future 
it is possible that some parts may be distinguished as separate 
formations : 
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Approximate Thickness 
Upper beds. Mainly white and red sandstone 

with a few ripple marks 300-400 feet 

Upper brownstone (of Port Wing) 500-700 

Copper Creek beds. White and pink fine grained 
sandstone with magnetite and mica grains and 

a few ripple marks 75-100 

Main beds. Brown, red. and white sandstones, 
becoming progressively more felspathlc towards 
the bottom, with thin beds of red shale lSOO-2000 

Total thickness, about 2700-3200 feet 

LOCAL DETAn.S 

Aside from the small exposure believed to belong to this forma- 
tion, on Fish Creek near Ashland Junction, which will be de- 
scribed in Chapter V, the easternmost exposure of the Orienta 
Sandstone is on Sand Island. Here and on Eagle Island* and 
Squaw Point (Plate V, A, p. 40) to the west, occurs white cross- 
bedded, ripple-marked sandstone much resembling the basal beds 
of the Chequamegon formation. A few layers of red sandstone 
occur and there is much banding of the colors. A considerable 
amount of decomposed feldspar is seen among the sand grains. 

To the west, on Siskowit Point, the downward gradation of 
this type to the brownstone beds may be seen. Lenses of red 
shale also appear (Fig. 1, p. 29). A small quarry formerly 
operated here produced red and white sandstone. Similar sand- 
stone with red, shaley, and yellow gritty layers occurs on Bark 
Point, across a bay by that name to the west. 

Just west of the little settlement at Herbster is a bold rocky 
point projecting out from the sandj coast cliffs.* Here the 
sandstone is pebbly and cross bedded. Plate IV, B, p. 30, shows 
an interesting trough in the bedding seen here. A quarry was 
once started at this locality.. 

The quarries at Port Wing are still operated at times and 
produce some o? the best brownstone in the region. This rock 
is lieavilj' bedded, free from clay pockets, has few pebbles, and 



1 Irving, R. D., Geol. of Wis., 1873-9, vol. Ill, p. 208. 

2 Owen, D. D., Geol. Surv. of Wis., etc., 1852, p. 269. 
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is of a somewhat redder and more cheerful tint than the brown- 
stone of the Chequamegon sandstone. In the quarry some peb- 
bles were observed along the bedding planes, together with black 
magnetitic layers, and a little white sandstcne.* Plate VI, A, 
p. 44, shows a thin section of this rock. About a fourth is feld- 
spar, mainly orthoclase, but including some microcline and plagio- 
clase. The locality is notable for the unusual fact that the rock 
is sound clear up to the top and shows glacial striae. 

Another good quarry was formerly operated on the east bank 
of Iron River near Orienta, in the western part of Bayfield 
County.^ The southeasterly dip of the formation, combined 
with the fall of the river, brings one to successively higher and 
liigher strata in ascending the stream. We pass from the heav- 
ily bedded brownstpne up to thin bedded white and red banded 
rock. Near the road crossing, occur white and yellow heavier 
beds with thin h^yers of green shale.'' 

West of the mouth of Iron River no exposures occur on. the 
coast. Only two small outcrops occur on Brule River below 
those of the Devils Island sandstone. On Poplar River are good 
outcrops for several miles above the mouth, but as the dip here 
is generally less, no great thickness can be observed. The rock 
is thought to be part of the upper brownstone. Much is thin 
bedded and grades to coarse yellow sandstone. The magnificent 
section seen on Middle River shows the lower portion of the 
formation and will be described in detail in Chapter V. 

West of Middle River, exposures are much less satisfactory. 
The Copper Creek and main beds are the only ones found. On 
Amnicon River for about three-fcurths cf a mile below the falls, 
at the contact with the trap, occur good sandstone exposures. 
The dip is southeasterly, except close to the trap, and some 
275 feet of beds is thus exposed. Of these the lower 200 feet 
is mainly heavily-l edded brownstone, which once was quarried to 



1 Buckley, E. R., op. cited, pp. 201-205. 

a Ibid., p. 209. 

» Owing to bad weatlier the survey of Iron River was not completed. 
No exposures were seen or reported where we would expect to find the 
Devils Island sandstone <see map). Sweet, E. T., Geol. of Wis., 
-vol. III. 1873 9, p. 322. 
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a considerable depth.* Associated white and yellow pebbly 
phases and magnetitic bands occur. These features serve to 
distinguish the beds from the upper brownstone of the Port 
Wing quarries, although the possibility of lateral change in the 
formation must be taken into account. Above these layers oc- 
curs a gradual transition to the Copper Creek beds. These 
are mainly thin bedded pink or red and white fine grained sand- 
stone, ^luch' cross bedding, sometimes curiously curved, occurs 
(Fig. 3, p. 30). No ripple marks were observed, and this fact, 
taken in connection with fine grain, magnetite grains, and small 
thickness lead the writer to regard this as a part of the Orienta 
sandstone rather than a lateral change in the Devils Island forma- 
tion. It is also simpler on structural grounds to a.ssume this 
correlation, for it is entirely possible that these beds occur un- 
der one of the unexposed intervals in the ^liddle River section 
to the east. 

Similar beds appear to occur at two small exposures which 
were not visited by the writer. One of these is in Sec. 30, T. 
48, R. 10 W. and was not discovered by any of Prof. Grant's 
party.- Another outcrop in Sec. 7, T. 47, R. 13 W., was exam- 
ined by one of Prof. Grant's assistants and a sample preserved, 
which shows the rock to be verv like that at the falls of the 
Amnicon River. It is a pebbly reddish and white sandstone. 

On Copper Creek next to the contact with the traps, a small 
thickne.*«s of thin-bedded, ripple-marked, red and white spotted 
sandstone is exposed, which in many respects resembles the De- 
vils Island sandstouv*. It is, however, much darker in color and 
is therefore thought to belong to the same horizon as the rocks 
described above. 

Farther to the west, below the lower falls of Black River (Plate 
XIX, p. 80) occurs red and white spotted irregularly colored 
sandstcne varying much in bedding and coarseness of grain. The 
dip may be sufficient to expose as much as 200 feet of strata, 
showing a somewhat similar scccession as at Amnicon River 
(see p. 43) , No true brow^nstone was observed and there is a com- 
parative abundance of magnetite, micas, and ferromagnesian 



1 Buckley, E. R., op. cited, p. 20R. 

2 Sweet, E. T., Geol. of Wis., 1873-9, vol. Ill, p. 348. 
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minerals. Ripple marks oeoiir but rarely and cross bedding is not 
very abundant, but many clay pockets and pebbles were observed. 
Some of the thicker beds are of yellowish to white quartz sand- 
stone. One such was observed to fill a hcllow in the thin bedded 
red layers. The latter type of rock appears to be more abun- 
dant in the upper part of the section but often occurs as lenses 
in the heavier bedded sandstones. 

In Sec. 29, T. 47, R. 14 W., occur several small exposures of 
yellow and white fine grained hard sandstone, very much* like 
some of the beds exposed on Copper Creek. A well at Foxboro 
in Sec. 6, T. 46, R. 15 W., almost on the west line of the state, 
shows the same kind of rock,^ as do some small exposures near 
Holyoke visited by Professor Grout. - 

A small exposure of sandstone is said to exist on the Nemadji 
River in the NE14 Sec. 27, T. 48, R. 14 W., but was not visited 
by the writer.' 

The exposures of the Orienta sandstone on St. Louis River 
are described on p. 69. 

EconDmic Products. The only product of economic value 
derived from the Bayfield group is building stone.* This i» 
obtained from the most ferruginous phase of the sandstone which 
is commonly known as * * brownstone. " Apparently this rock 
is found only in certain more or less well defined horizons. It 
will be noted that the quarries, especially those in the Apostle 
Islands, are arranged in a nearly straight line along the strike 
of the formation. Therefore but one horizon of good quarry 
rock is believed to exist in the Chequamegon formation, although 
good stone was seen at many scattered points. Less is known 
about the Orienta sandstone. The best brownstone is that found 
at Port Wing and Orienta, but it is most probable that thet 
brownstone quarr>' on Amnicon River is at a lower horizon. 



1 Drillings sent by C. N. Edin, Dedham, Wis. 

2 Personal communication. 

8 Sweet, E. T., Geol. of Wis., 1873-9, vol. Ill, p. 318. 

4 A full description of the quarries, Including a list of buildings 
constructed with Lake Superior stone, is found in Bull. IV, Wis. Geol. 
and Nat. Hist. Survey, Building and Ornamental Stones of Wisconsin,, 
by E. R. Buckley, 1898, pp. 167-219. 
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The quarry at Fond du Lac does not produce a true brownstone, 
the rock being firmer, more felspathic, and irregularly colored 
red and white. 

Condition of the Quarry business in 1910. When the writer 
visited the district, no quarry ll-appened to be in operation. The 
Port Wing quarries, which alone are operated on an extensive 
scale, closed down about the first of July. A very little stone 
had recently been quarried at Houghton. The Fond du Lac 
quarry is operated whenever the height of water in the river 
permits shipments, but is not equii)ped to furnish anything but 
rubble and irregular blocks. 

Causes of Decline. The causes of the almost complete aban- 
donment of this once apparently flourishing industry do not lie 
wholly in the character of the stone itself.^ A few decades ago 
brownstone was a very popular building material in the eastern 
part of this country, so that when a similar stone was discovered 
in Wisconsin it was at once exploited. Between 1868, when the 
first quarry was opened on Basswood Island,' and 1893 the bus- 
iness continued to grow. A few years before 1893, a boom took 
place at the head of the lakes. As in all other business enter- 
prises, speculators then rushed into the brownstone industry. 
Stone, often of inferior quality, was put out at ruinously low 
prices. The bad results from the use of this low grade material 
naturally reflected upon the reputation of the good. Then came 
the inevitable panic, resulting from the unnatural expansion of 
business. The demand for stone decreased greatly and never 
again reached its former extent. 

In the meantime, the brownstone buildings of the east had be- 
gun to look shabby and a cheerful light stone was demanded. 
This was supplied by the Bedford limestone, which is nearer 
the best markets and possesses the great advantage of softness. 
'1^)0^ dull much more rapidly in cutting sandstone, a fact wit- 
nessed by the extensive blacksmith shops of the Lake Superior 
quarries. Before the Lake Superior companies could recover 
from the results of their folly before the panic, this light stone 
had captured the market. By 1897 verj" little stone was being 



1 Buckley, E. R., op. cited, p. 211. 

;j Irving, R. D., Qeol. of Wis.. 1873-9. vol. III. p. 209. 
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taken out and today only two quarries are producing first class 
building stone. Plants representing an investment between two 
and three million dollars are now idle ; some Irave been burned ; 
in most the machinery is rusted and useless and the buildings 
are falling to pieces. At several quarries large piles of cut 
blocks ready to ship remain unsold.^ Perhaps now that business 
at the head of the lakes is developing upon a more sane and whole- 
some basis than formerly, quarrying will be resumed; for the 
stone has a useful field for buildings in smoky cities, as it does 
not shx)w dirt like the lighter toned materials now in fashion. 



1 In 1912 some of these were being shipped. 
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CHAPTER IV 



THE ORONTO GROUP AND OLDER FORMA 
TIONS, AND THE EXTENSION OF THE 
SANDSTONE GROUPS IN MINNESOTA 



Nomenclature. Beneatli the Bayfield sandstone group de- 
scribed in the last chapter, is a great thickness of arkose sand- 
stone and shales, nearly all red in color, and for the most part 
occupying a highly tilted position wherever exposed. On ac- 
count of these differences, these rocks were separated by the 
former Geological Survey of Wisconsin from the overlying hor- 
izontal quartzose sandstone (see p. 16). At its base this ark- 
ose group is interbedded with* the traps, thus showing that it 
is a part of the Keweenawan series ; but the bottom of this up- 
per division of the series is assumed to be the base of a thick 
conglomerate called the Outer Conglomerate, above which hor- 
izon no igneous reeks occur. 

With the exception of the basal portion, this group hns not 
heretofore been divided into formations. Professors Lane and 
Seaman have recently applied the name Freda to the sandstone 
immediately overlying the black shale beds (Nonesuch forma- 
tion) just above the Outer Conglomerate.* As this formation 
(sometimes known as the Western sandstone of Michigan) is 
only a small portion of the entire thickness of sediments below 
the Bayfield group which have not yet been studied in 



1 LAne, A. C, and Seaman, A. E., Geological Section of Michigan. 
Rept. of State Board of Geol. Survey, 1908, p. ?3; Jour, of Geology, 
vol. 15, 1907, p. 36. 
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detail, it seems best to give a new name to the entire group and 
retain the name Freda for this formation. It will therefore be 
termed the Oronto Group, from the excellent exposures near 
the bay of that name in the northern portion of Iron County. 
The limits of the group may be fixed at the bottom of the Outer 
Conglomerate as a base, and the top of the highest thick beds of 
red shales and well-marked arkose sandstones as the top. 

General Cha;^cter. The Oronto Group is composed of con- 
glomerate, sandstone, and shale; the last probably predomin- 
ating,* alth'ough not often exposed. In color it is usually some 
shade of red, but a characteristic feature is banding, streaking, 
and spotting with greenish white. The white beds are seldom 
more than a few inches thick. Often the light color also extends 
along the joints. In the material of the component grains it 
differs mainly from the Bayfield group in having a greater pro- 
portion of undeeoniposed minerals, feldspars, micas, and ferro- 
magnesian compounds, as well as more magii<itite and calcium car- 
bonate. Quartz grains are, however, present in considerable quan- 
tity ; but are never, so far as known, predominant throughout any 
considerable thickness of strata. The shale is usually sandy and 
micaceous, but there are considerable beds of fine clay shale. 
Nearly always the shale beds are more brightly colored than the 
coarser grained strata. 

Areal Extent. In areal extent the Oronto Group underlies 
all of the Eastern Plain (see p. 12), between Ashland and the 
Southern Trap Highland, but it is exposed at but few points. 
It is probable that only the harder beds are exposed, since these 
would form the ridges now buried beneath the drift, which is 
usually so thick that only a few very deep wells enter the rock. 
It here forms a series of open folds (see p. 92). Isolated areas 
of rocks believed to belong to the Oronto Group occur also on 
Middle and St. Louis rivers in Douglas County, and rock of the 
same type is f^enetrated by deep wells in Superior. The Oronto 
Group is believed to extend far into Minnesota, for rocks of 
the same type have been found by drilling to lie beneath the 
Paleozoic sediments. 

Thickness. The thickness of the Oronto Group can only be 
determined by computations based upon discontinuous exposures. 
The sura of the stratigraphic thicknesses actually exposed is 
4 
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nearly 10.0(10 feet, but evidently the total must be much greater. 
On Montreal Kiver it is possible that a thrust fault, dipping to 
the north, might eause a repetition; but no direct evidence ia- 
dieating its existence was discovered.* Computation places tli^ 
thickness of the Freda sandstone between the top of the No^l^ 
such shales and Lake Superior at 12,600 feet. Should an in- 
itial dip of even 10 degrees be subtracted, (which is much too 
great \ the result would be 11,700 feet. Ou Fish Creek to the 
west, where there is every probability that the strata are thinner, 
since they thin rapidly in that direction at all lower horizons,* 
a thickness of fully 8.000 feet is indicated. There the jointing 
and shearing (see p. 93) do not indicate that the thickness is 
expanded by faulting. Since the rocks of this locality are b^ 
lieved to lie at a horizon above those of Montreal river, a total 
thickness of the Oronto Group of some 21,000 feet is indicated. 
This figure agrees with other computations based upon thie dip, 
and appears to be conservative — provided lateral variations in 
the character of the strata along the strike, and concealed fault- 
ing have not confused the true sequence to a greater extent 
than now Feenis probable. 

Subdivisions. The Oronto Group may tentatively be sub- 
divided into the following formations; the basis of the division 
is in part structural but is mainly lithologic, and therefore rather 
uttpatisfactory, owing to the possibility of lateral variation as 

mentioned above: 

Thickness 

Amniion Formation, Red and greenish shales, 
arkose sandstone, and some conglomerate (1050 
feet exposed) 5, 000 feet 

Eileen Sandstone. Red and white somewhat quartz- 
ose sandstone ( 1800 feet exposed) 2. 000 

Freda Sandstone. Fine-grained red and greenish 
arkcse sandstone with a little conglomerate at top 
and bottom (about 8000 feet expcsed) 12. 000 



1 Lane, A. P., and Seaman, A. E., Geol. Section of Mich., Report of 
State Board of Geol. Survey of Mich., 1908, pp. 33, 38. 

Personal communications. 

2 Irving, R. D„ Geol. of Wis., 1873-9, vol. Ill, p. 12. 

Copper Bearing Rocks, Mon. V. S. G. S., vol. V, pp. 153-230. 
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Konesuch Formation. Black, gray and red arkose 
and shale (maximum) 350 

Outer Conglomerate, coarse conglomerate (maxi- 
mum) 1,200 



Total maximum thickness, about 21.550 feet 

Composition. The rocks of the Oronto Group are mainly 
composed of angular to subangular fragments, derived from 
igneous rocks without much chemical decomposition. The only 
marked exceptions are some of the red clay shales. At tire base 
in the Nonesuch formation, occur many layers of black sand- 
stone composed of nearly unaltered fragments of trap, so 
thoroughly cemented with calcite that they are readily mistaken 
for igneous rocks. Higher in the group there appears a greater 
proportion of debris from quartzose rocks. In the conglomer- 
ates there is little difference in th^e source of the pebbles from 
those found in the Bayfield group. They comprise traps of 
many varieties (porphyries probably predominating), quart- 
zite, iron formation, chert, vein quartz, slate, and granite. In 
the coarse arkose grits, fragments of igneous rocks of both basic 
and acid varieties are plainly seen, but these rocks were not 
studied in detail. In most of- the group the grain is so fine that 
the microscope is needed to determine the material; and as no 
detailed study was made, information is available for only a few 
varieties of rock. This will be found under the head of local 
details, page 54. The component grains are mainly feldspars 
(both orthoclase and more basic varieties, the latter being often 
too much altered to determine), quartz, mica, magnetite, ferro- 
magnesian minerals and fragments of fine-grained igneous rocks. 
On the wliX)le, the grains are less rounded than those of the Bay- 
field group and although extremely variable, appear to average 
considerably smaller in .size. Often a somewhat clayey reddish 
or greenish matrix is seen, perhaps derived from these fine- 
grained porphyries, from the decomposition of feldspar, or .some- 
times mainly composed of iron oxide. The cement is often cal- 
cium carbonate, but enlargements of the feldspar and quartz 
grains are probably the dominant cement. Red oxide of iron is 
also quite abundant. 
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An interesting rock which was examined is the greenish cal- 
careous sandy shale of the Aranicon formation, found on Middle 
River (see p. 66, Plate VII, p. 50, and Plate XVI, A, p. 72). 
In the thin section, calcium carbonate was found to separate the 
very fine angular quartz grains, but on analysis this proved to be 
less than 20% of the rock. These ripple-marked and mud-crack- 
ed shales are interbedded with and merge into red noncaleareous 
shales and sandstone. Red spots also occur within the greenish 
rock and greenish within the red. It cannot be determined 
whether or not the calcium carbonate is original or has been 
introduced into the rock by underground waters from th^ adja- 
cent traps. 

The following chemical analyses are the only ones available 
for Wisconsin; unfortunately they mainly represent the None- 
such formation, which is wholly composed of basic debris; none 
are typical of the great body of the group : 

ANALYSES OP SANDSTONE OF THE OIIONTO GROUP.'* 

NONESUCH FORMATION 
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1 Geol. of Wis., 1873-9, vol. Ill, p. 203. Last by Victor Lehner, 1911. 
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Bedding. The bodding of 1he Oronto Group varies from 
shaley to layers several feet in thickness (Plates VII, p. 50; VIII, 
p. 52^ XI, p. 58; XVII, A, p. 74) ; but in general it is thinner 
and more regular than that of the Bayfield sandstones. How- 
ever, the difference may in part be accounted for by the fact 
that the exposures of this group are smaller ; and being of steep- 
ly-inclined layers, they expose to view less of the horizontal var- 
iability of the beds. A very striking feature of much of the 
group is the extremely rapid variations from verj*^ coarse grit or 
conglomerate to fine shale. Shale is very often interbedded with 
conglomerate through a considerable thickness of strata, the 
sharpness of contacts and scarcity of sandstone being remark- 
able (see pp. 62, 106). Cross-bedding is abundant, but us- 
ually small; no prevailing direction of dip was discerned. 
Curved beds are often met with, some being shown in Figs. 6, 
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Fig. 6. Magnetite saod bed in Eileen sandstone. Fish Creek, Bayfield County. 

and 7, p. 55. Channels in the top of shale beds, filled with 
sandstone, are very common ; an example is given in Fig. 9, p. 69. 
Ripple marks are very abundant, being mainly of th-e symmet- 
rical type, and rather small in size (see Fig. 4, p. 40). These 
occur in the finer grained rocks, especially shales, the surfaces 
being often greenish or red shale, or decidedly ferruginous sand- 
stone. In some localities mud cracks are extremely abundant; 
but they are readily overlooked, for they do not show on 
weathered surfaces. This remark also applies to rain prints, 
which were observed at but one point. Frequently none of th-ese 
features are of such character that they may be utilized to de- 
termine the top of the strata. In the case of mud cracks, the 
filling often adheres to the nearest hard sandy layer, whether 
it is above or below the original surface. When developed in 
typical form, cra«s-bedding is the most reliable guide to the 
structure (see Fig. 8, p. 68 and Plate XIc, B, p. 64). Clay 
pockets and scattered pebbles are not common. Most of the 
former are of the small flattened type and grade into small 
lenses of shale. Veins of ealcite are abundant. 
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LOCAL DETAILS 

Amnicon Formation. The top of the Amnieon formation 
may be observed on Fi4»h Creek, near Ashland, and on Middle 
and St. Louis rivers in Douglas County. These interesting ex- 
posures and their correlation will be described in the succeeding 
chapter. Aside from these the highest known beds are those seen 
at the lower falls of Bad River, in sec. 25, T. 47, R. 3 W. About 
750 feet of greenish and red coarse arkose sandstone, with in- 
terbedded red shales, are there exposed.^ Microscopic examina- 
tion shows that the rock is composed mainly of small fragments 
of porphyry, although the debris of basic rocks is also seen. This 
is confirmed by the chemical analysis on p. 52. In some beds 
considerable quartz is seen. The section is probably near the 
base of the formation. 

Eileen Sandstone. In sees. 20 and 21, T. 47, R. 5 W., Town 
of Eileen, Bayfield County, the valley of the South Fork of 
Fis^h Creek exposes about 1800 feet of sandstone in vertical beds. 
The bedding varies from heavy to .«haley with a little clay shale 
as shown in plate VIII, p. 52. The colors range from brick red, 
or occasionally even deeper shades, to clear white and show much 
mottling f:nd banding of red and white. Beds composed almost 
exclusively of magnetite are also seen. Some are as much as 
eighteen inches in thickness but have only a slight lateral extent. 
Ripple marks, cross-bedded and irregularly bedded or domed 
beds occur, as shown in Figs. 6 and 7. Peb])les are not very com- 
mon. Microscopic examination (Plate X, B, p. 56) shows that 
only a third of the rock Is quartz. Feldspars (mainly ortho- 
clase with some microcline and plagioclase, more or less altered), 
magnetite, mica, iron oxides, and rarely altered ferromagnesian 
minerals mi:ke up the larger portion of the rock. Trie grains 
are decidedly angular, as is usual in all the sandstones of the 
region. Were it not for the structural relations, however (see 



1 Irving, R. D.. Geol. of Wis., 1873-9, vol. III. pp. 14, 202; Copper- 
Bearing Rocl^s, Mon. U. S. G. S., vol. V, p. 132. Irving states that 2000 
feet of strata were then seen, but the writer was able to find but the 
one exposure, about three-eighths of a mile long. No map of the river 
is accurate. 
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8e(*tion, p. 63, and structure sections on map) these roeks 
might be regarded as the lower part of the Orienta fonnation. 

On the west side of Clinton (locally known as Marble, or 
sometimes Graveyard) Point, are low ledges dipping at a moder- 
ate angle to the northwest, exposing some 1,300 feet of fine- 
grained and somewhat shaley to heavily bedded sandstone 
(Plate IX, p. 54). In general character, it most resembles the 
last described beds and so is correlated with them. It is, how- 
ever, not greatly different from the rocks exposed on Bad 
River (see p. 54). Ripple marks, cross-bedding and contorted 







* ^ • « 
Fi«. 7. Bedding In Eileen sandstone, Fish Creek, Bayfleld County. 

bedding, as well as indistinct mud cracks are observed. A 
thin section (Plate X, A, p. 56) from a representative pha^e 
shows not over a quarter of the rock to be quartz; the re- 
mainder is feldspar, about half orthodase and half plagioclase, 
as well as ferromagnesian minerals and micas.^ The minerals 
show considerable secondary enlargement. The cement is quartz, 
feldspar, and calcite. These rocks were formerly correlated erro- 
neously with the Bayfield Groxip (see pp. 15, 18). 

At Mason, in eastern Bayfield Cor.nty, the well at the mill of 
the White River Lumber Co. penetrates, beneath 145 feet of drift, 
650 feet of sandstone with occasional beds of red sandy shale, 
presumably belonging to the Eileen formation. 

Freda Sandstone. Below the dam across White River, in 
sec. 6. T. 46, R. 4 W., is an exposure of some 300 feet of strata, 
as shown in Plate XI, B, p. 58. This rock consists of coarse, red 
and greenish arkose alternating in rather thin beds, wuth red 



1 Irving. R. D.. Geol. of Wis., 1873-9, vol. Ill, pp. 16, 209. Copper- 
Bearing Rocks. Mon. U. S. G. S., vol. V, p. 366. 

Lane, A. C, and S^^aman, A. E., Geol. Section of Michigan, Report 
State Board of Geol Survey of Mich., 1908, p. 33. 
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and green micaceous shales. Some poorly developed ripple 
marks and mud cracks were observed. Litliologically, this sec- 
tion might be assigned either to the horizon of the Bad River 
rocks, or to the top of the Amnicon formation, as seen on Fish 
Creek five miles to the north fsee p. 62) ; but on structural 
grounds (see section E-F on general map) it is simpler to as- 
sume that it lies at the top of the Freda sandstone, in the gap 
between the Oronto Bay and Fish Creek sections (see p. 50)* 

In the valleys of the streams that flow into Oronto Bay, in 
Iron County, occur numerous excellent exposures of the Freda 
sandstone (Plate XI, A, p. 58). The prevailing rock is red, fine 
grained arkose. Some thin greenish beds occur. There are also 
mimeroxis beds, usually rather thin, of markedly micaceous red 
shale. Toward the base of the formation, the grain becomes 
coarser, and there is found a 100-foot layer of conglomerate. 
The exposures represent a thickness of over 12,000 feet, but 
they are separated into two groups, with an unexposed interval 
of some 4,000 to 5,000 feet of stratigraphic thickness. As as- 
sumed in the case of the other interval of no outcrops, it is nuost 
probable that the lack of exposures is due to the softness of 
the rock (see p. 21)- Microscopic examination- shows that less 
than a fourth of the rock is quartz, the bulk being feldspars and 
fragments of porphyries and basic eruptives with reddish de- 
composition products, micas, ferromagnesian minerals, and mag- 
netite. The cement is usually red oxide of iron,' but in some 
cases it is calcium carbonate, and to some extent quartz. The 
quartzes and feldspai*s sliow secondary enlargements. 

The Freda sandstone is also exposed on Potato River, within 
the area of the map, but this locality was not visited by the 
w'riter.* 

Nonesuch Formation. Exposures of the Nonesuch forma- 
tion of the Oronto group occur on the ^Icntreal, Oronto, and 



1 Irving, R. D., Geol. of Wis., 1873-9, vol. Ill, pp. 14, 202. 

2 Irving, R. D.. and Chamberlln, T. C, Observations on the Junction 
between the Eastern Sandstone and the Keweenaw series on Keweenaw 
Point, Lake Superior. U S. G. S. Bull. 23, 1885, p. 82. 

8 Irving, R. D., Geol. of Wis., 1873-9, vol. Ill, pp. 12, 199. Copper 
bearing Rocks, Mon. V. S. G. S., Vol. V, pp. 133. 226. 

4 Irving, R. D., Geol. of Wis., 1873-9, vol. Ill, pp. 188, 202. 
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Potato rivers. This member is composed of red, gray and black 
arkose and shale, often with calcareous cement. ^Microscopic ex- 
amination shows that the rocks are composed of virtually un- 
altered debris of bf^sic eruptives. The thickness on Montreal 
River is about 350 feet, lessening rapidly to the west.^ 

Outer Conglomerate. Beneath the Nonesuch shale is found 
the great Outer Conglomerate, which is 1,200 feet thick on Mon- 
treal River, but thins to only 800 feet on the Potato. On the 
former stream, it outcrops in magnificent cliffs over 200 feet in 
height. The conglomerate is composed of pebbles averaging 
four or five inches in diameter — some measure fifteen inches 
or more. They are from the diabase, porphyry, gabbro, 
and other rocks of the ]\Iiddle Keweenawan series, with subordin- 
ate amounts of Iluronian qxiartzite, iron formation, slate, and 
chert, as well as granite and vein quartz, probably derived 
mainly from the Archean. There is practically no matrix of 
.sand, and the bedding is only apparent where there are thin 
layers of coarse arkose scnd.^tone. As in the higher beds, cal- 
cite veins are common. - 

OLDER FORMATIONS 

The Traps. Beneath the base of tlie Outer Conglomerate is 
found a great series of interbedded traps, conglomerate, sand- 
stone, and shale. This reaches a thickness of some 1,200 feet on 
the iMontrcal, but to the southwest thins out to nothing within 
a few miles. Below this occur the traps of the Middle Keween- 
awan, including both extrusive and intrusive rocks. These 
rocks also occur in the Douglas Range.'' 

The Pre-Keweenawan Rocks. Still farther to the southeast, 
the Huronian sediments are found in a position stratigraphically 
below the eastern traps; and then in turn the older Archean 
granites, schists, and greenstones (see p. 7). 



1 Irving, R. D., Geol. of Wis., 1873-9, vol. III. p. 200* Copper Bearing 
Rocks, Men. U. S. G. S., vol. V, 1883, pp. 13,3-226. 

2 Irving, R. D., Geol. of Wis.. 1873 9. vol. III. pp. 12. 202. 

* 

« In S. E. 1/4 of X. E. H sec. 19, T. 47, R. 4 W., near Ashland, a huge 
mass of trap 6u feet across rises from the clay plain. As no rock Is 
found in neighboring wells, the writer believes that this is simply an 
<enormous boulder, and not an outcrop as believed by some. 
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Economic Products. So far as known, no products of econ- , 
omic value are found in the Or. nto group. In contrast to the 
earlier sedimentary series of the Lake Superior region, it eon- 
tains no iron formation. Thin lenses of nearly pure magnetite 
occur in places, especially along Fish Creek ; but they are hardly 
greater in amount than the magnetitic sands of the modern 
lake beaches, or the drift. Most of the rock, with the possible 
exception of parts of the Eileen sandstone on Fish Creek is 
entirely unsuited for building stone. Occasionally, however, 
some of the red shale has been used for paint rock. Traces of 
copper and silver have been found in the Nonesuch formation,^ 
but no concentration of these minerals or the abundant ferric 
oxide is known to have taken place in Wisconsin. 

The rocks of the Oronto group carry little water and such 
* little as is found is often salty (see pp. 66, 73, 102). 

The Extension of the Sandstone Groups into Minnesota. 
The Bayfield and underlying Oronto groups of sandstones ex- 
tend into Minnesota!, as shown by HalF, between the continua- 
tion of the Douglas Trap Range to the southeast and the Huron- 
ian and Archean rocks to the northwest. The drift is so thick 
along this narrow strip, however, that the actual continuity 
with the Paleozoic sediments to the south is somewhat doubtful.' 
Nevertheless, a brief discussion of this question is not out of 
place. 

Most of the rock exposed in this belt is a well indurated, 
rather fine to medium grained, quartz sandstone pinkish to yel- 
low or gray in color. This, the rock of the well known quarries 
of the Kettle River region, is much like the sandstones found 
near the falls of Black River in Douglas County* (see p. 45). 



1 Irving, R. D., Geol. of Wis., 1873-9, vol. Ill, p. 206. 

2 Hall, C. W., Keweenawan Area of Eastern Minn., Bull. Geol. Soc. 
America, vol. XII, inos. p. .313. 

■^ Grout, F. F., personal communications. 

4 Grout, F. F., personal communications. 

Weidman, S., personal commanlcatluns. 

It may not be too great a stretch of the imagination to suggest that 
these light colored rocks may be equivalent to the Devils Island sand- 
stone of the Apostle Islands. 
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Still farther to the south and southeast, in the valley of the 
St. Croix River, appear flat-lying, yellowish or pinkish quartz 
sandstones, bearing fossils of Upper Cambrian age. These rocks 
(the Potsdam sandstone of Wisconsin) rest with pronounced un- 
conformity upon both the tilted traps of Keweenawan age and the 
older Pre-Cambrian rocks. The known Cambrian rocks are 
separated from those of the Kettle River district by a consider-, 
able drift-covered interval, probably underlain largely by trap 
and granite, as well as by the great fault of the Douglas Range 
which is known to extend far into Minnesota, forming the north- 
western border of the traps.^ 

In many places deep drilling has shown that the Potsdam 
rests upon a great thickness of red clastic rocks. These red 
rocks fill a great depression in the surface of the Pre-Cambrian 
crystalline rocks.- The thickness of these red rocks varies from 
nearly 2,500 feet in the center of the basin down to nothing at 
both sides of the trough and to the south, where the Potsdam 
rests directly upon the Pre-Cambrian igneous and metamorphic 
rocks. But few wells have penetrated the entire thickness of 
the red clastic series near the center of the basin. At IMinne- 
apolis they are found to rest xipon granitic rock, while at Still- 
water, apparently at the center of the trough, Ktweenawan dia- 
base lies beneath (see p. 60). 

The red series is studied with difficulty as it is not known to 
reach the surface. The only information is derived from churn 
drill records and is hence rather unsatisfactory. N. II. Win- 
chell'^ believed they were a conformable connection of the Cam- 
brian with the Keweenawan. More recently C. W. Hall re- 
studied the question, reaching the same conclusion (see p. 20).* 

The red clastic series consists of red shale and sandstone while 
some fragmental volcanic rocks are thought to exist. The sand- 



1 HaU, C. W., Keweenawan Area of Eastern Minn., BuU. Geol. Soc. 
America, vol. X!I. 1901» p. 313. 

2Han, C. W., Meinzer, O. E. and Fuller. M. L., Geology and Under- 
ground Waters of Southern Minnesota, U. S. 0. S. Water Supply Paper 
256. 1911, pp. 32, 48. 

3 Wlnchell, N. H., Geol. of Minn., vol. I, 1882, pp. 422, 424, 537. 

4 Hall, C. W., The Red Sandstone Series of S. E. Minn. Unpublished 
manuscript not available. Abstract, Science, vol. 27, ;1908, p. 722. 
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Stone is mainly composed of quartz grains, but much of it con- 
tains more or less feldspar and is very frequently calcareous. 
It is not always red, for occasionally white sand is reported. 
The following record of the well at Stillwater gives a good 
idea of the lithologic character of the series: 

I.OG OF STILLWELL HV.VV WFU l 

Pteistocene Thickness 

Glacial drift 18 feet 

Cambrian 

Mendota limestone 85 

Potsdam sandstone; calcareous sandstone of gray to 

yellowish color and some gray shale 592 

Upper Ketccenawan 

Dark red, sandy calcareous shale 13 

Coarse quartz sandstone 5 

Pine dark red calcareous shale 11 

Fine dark red calcareous sandstone with some 

calcite and pink feldspar grains 2233 2262 

Middle Keweenawan 

Diabase .- 460 

Depth of Well 3447 feet 

In general, these rocks are exactly like those of the Upper 
Keweenawan series of the Lake Superior basin, whose continu- 
ation they must be ; while beyond doubt the basin in which they 
lie is part of the Lake Superior syncline which passes up Che- 
quftmegon Bay. and thence southeasterly across Wisconsin (see 
p. 88) . The portion in southeastern ^linnesota is probably every- 
where separated by the traps of the north side of the basin, from 
the belt northwest of the fault in which lies the lighter colored 



5 Hall, C. W., Melnzer, 0. K. and Fuller, M. T.., Geology and Under- 
ground Waters of Southern Minnesota. U. S. G. S. Water Supply 
Paper 256, 1911, p. 366. 

Meads, A. P., The Stillwater Deep Weil. Bull. Minn. Acad. Nat. Scl., 
vol. III. No. 2, 1891, pp. 274-7. 

WInchell, N. H., Natural Gas in Minnesota. Minn. Geol. and Nat 
Hist. Survey. Bull. V. 1889. p. 25. 
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sandstones of the Kettle River region. A connection west 
of the fault, through the heavily drift-covered region of Anoka 
County, Minnesota, is nevertheless possible. 

Whether or not these buried red rocks are conformable be- 
neath the Upper Cambrian marine sediments is a question be- 
yond the scope of the present report. On the whole, the ocur- 
rence of the red series in a basin, overlapped on both sides by 
the overlying horizontal sediments which rest with pronounced 
unconformity upon the tilted Keweenawan traps, favors the view 
that an unconformity also exists between the sandstones (see 
p. 103). Such an unconformity probably could not be recognized 
in the records of churn drill holes. 
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CHAPTER V 



THE RELATION OF THE BAYFIELD AND 
ORONTO SANDSTONE GROUPS 



Oeneral Statement. The study of the relation of the Oronto 
and Bayfield groups of sandstones was the principal object of 
the present investigation. Outcrops are so scarce that we can 
at no place trace the two sandstone groups to a point of contact 
where their relations may be absolutely determined. But it is 
possible to find exposures at points where we should expect to 
to find the contact of the Bayfield and Oronto groups. 
At all of these localities there is a conformable gradation from 
quartz sandstone of the general type of the Bayfield group 
downward into red shales, and arkose sandstone or conglom- 
erate of the same general type as the main body of the Oronto 
group. Sections showing this general stratigraphic succession 
are found on the south fork of Fish Creek, near Ashland, not 
far from the main area of the Oronto group, in the deep well at 
Ashland, on Middle and St. Louis rivers in Douglas County, and 
in deep wells in Superior. This widespread stratigraphic se- 
quence shows a gradation between the two general types of sand- 
stone formations and is believed to indicate that the Bayfield 
and Oronto groups are conformable. 

Pish Creek. Beginning at the oast, there is found an expos- 
ure of the supposed base of the Bayfield group, in the town of 
Eileen, near Ashland Junction, in eastern Bayfield County. Here 
the valley of the South Fork of Fish Creek exposes rock in sec- 
tions 11, 14, and 15, T. 47, R. 5 W. These exposures have never 
been described previous to the present study. The beds are ver- 
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tical or iiidiiipd st«'i'|ily to tlif iiortli, dci rcasing front 90° at the 
south to 70° at the north end cf the soi-tion, while the strike is 
approximately east and west (see p. i);i). (See Plates XI b, p. 62, 
and XI I', p. 64), The following section is liased upon a chained 




plane table survey made by the writer in 1912, as shown in Plate 
XI a. The thiekness are theiefore aeeurate. Although the 
exposures are not continuous, the rotk is everywhere so near the 
surface that abundant fragments ptTmit the general character 
of the strata to be determined. 



SECTION OS SOUTH KIHK OK FISH IKEEK, BAYMELD COUNTY 

Boyfteid 'Iroup: Oricuta Handitoii':. Thicknes 

Feet. 

14. Heavy to tbin-bedded medium grained brown quartz 
sandstone, often croas bfd<led. Tills rock is of tbe 
typical Bay Held type, being apparently nrariy all 
quarts, but with some mlia tialies and feldspar 
eralns. le pebbly In places 50 

13. Ked and white spotted, thin to medium bedded and 
cross bedded quartzose sandstone. A thin section 
(Plate XII, p. 66) ahowa that three quartert of 
the rovk is quart:;, the remainder being mainly 
ortboclase T5 

IZ. VnexpOied, but showe abundant fragments ot red grit 

and coarse red ind wbfte sandstone . . 150 

11. Red grit in small ledge 5 

10. Vneipoaed, but shows fragments as before .  66 
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9. Red grit In place 5 

8. Unexposed, but shows fragments as before . . 130 
7. Red grit and red and white sandstone ... 10 
6. Unexposed, but shows fragments as before . . 190 
5. Medium to heavily bedded coarse brownish red and 
white (often in spots) sandstone with red and green- 
ish shaley partings and some red grit. A thin section 
from the coarse sandstone, with minute layers and 
pockets of shale, shows that it is not greatly differ- 
ent from the higher strata. Mcst of the feldspar is 
orthoclase but some microline, plagioclase, and mica 
are seen. Most of the section (Specimen 11401) is red 
shale composed of fine gra'ns of quartz cemented by 
iron oxide and the decomposition products of feld- 
spars, etc. A thin section (Plate XII, B) from the 
coarse white sandstone shows that Jess than half the 
rock is quartz. The grains are angular and vary 
from 2. mm to below .25 mm in diameter. Mica Is 

abundant . . 230 

4. Unexposed, but shows fragments of rock like the last 100 
3. Thin to medium bedded shaley to gritty red and white 

sandstone ........ 15 

2. Unexposed, but shows fragments like the adjacent 

rocks ......... 85 

pronto Oroup: Amnicon Formation. 

1. Coarse red and white spotted arkose grit. Conglom- 
erate with pebbles seldom over 3 inches in diameter 
of trap, vein quartz, quartzlte, slate, iron formation, 
i\nd chert. The beds vary frcrj a foot to 15 feet in 
thickness with subordinate layers of coarse arkose 
sandstone and red and greenish shales. There is 
some cross bedding (see Plates Xlb, XIc) . . 1,060 



Total thickness 2,160 

An unexpcsed interval of nearly 5,000 feet separates this sec- 
tion from the outcrop of the Eileen sandstone in Sees. 20 and 21. 

This section is quite important, since it throws new light on 
the structural relations of the sandstone groups. It is but five 
miles from the area of rocks undoubtedly belonging to the Or- 
onto group. The lowermost beds of this section are as highly 
lilted as any of the recognzied Oronto group, and match it es- 
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actly in lithologic character. The anticline of which they form 
part of the north limb involves at least 8,000 feet of strata. 
This fold must belong to the general system of Keweenawan folds 
(see p. 95), since there is no known subsequent period of de- 
formation with which it could be correlated. The correlation 
♦of the lower horizons of the. Fish Creek section with the Oronto 
group seems therefore to be very well established. 

The correlation of the upper quartzose beds with the Bayfield 
group is much less definite. A drift-covered interval of about 
three and one-half miles exists between the most northerly ex- 
posure on Fish Creek and the outcrops of the Chequamegon 
sandstone on Wayman Point. This belt was carefully explored 
but no exposures could be discovered, and the inhabitants of 
the region unite in saying that none exist. The evidence on 
which the upper layers are correlated with the base of the 
Orienta sandstcne depends en three factors: 

1. The lithologic likeness is complete and can be better appre- 
ciated in the field than in a description. The bedding is also 
characteristic of the upper group, being frequently very heavy, 
l>ut giving way rapidly to thin cross-bedded layers. 

2. The dip of the beds decreases towards the north end of 
the section, thus indicating a probable flattening out of the beds 
to the north (see structure section E-F, on map). 

3. The deep well at Ashland encounters a verj- similar suc- 
cession of beds to that shown in the section on Fish Creek, and 
indicates a pronounced flattening of the beds to the north. 

Ashland Well. At the plant of the Lake Superior Iron and 
t^hemical Company in Ashland three miles to the northeast of 
Pish Creek, is a well 3,095 feet in depth. Although not situated 
in direct line between the most northerly exposure on Fish Creek 
and the nearest exposures on the northwest shore of Chequam- 
egon Bay, nevertheless if the position of the well is projected 
parallel to the probable strike of the rocks, it will be found to 
occupy a position well to the north of the Fish Creek exposures, 
thus serving very well to fill in the unexposed interval. If the 
red shales there encountered reprefsent even approximately the 
horizon of those seen on Fish Creek, from which they differ only 
in lacking the conglomerate beds, a flattening out of the beds 
5 



66 RELATION OF SANDSTOyEB, 

toward the north is indicated (see structure section E-P) . "While 
it cannot be positively stated that any of the beds encountered 
in the well belong to the Bayfield group, it is nevertheless shown 
that the usual stratigraphic succession of sandstone grading 
down into red shales is here found. 

LOG OF "jumbo" well AT ASHLAND 

Drilled in 1889 at works of Lake Superior Iron and Chemical Com- 
pany, near west ^ post of Sec. 5, T. 47, R. 4 \y. Elevation of curb,. 
660 ft. A. T. Record from original log, furniBhed by Mr. J. E. John- 
son, Jr., manager, 1910. 

Thickness Depth 
Pleistocene: ^^^ p^^. 

Red clay 40 

Till with boulders 43 

Red sand 92 175 

Bayfield Group: Orienta Sandstone. 

Principally fine grainod sandstone of red color 
with few white b^ds, and bands of red shale 
from one to ten '"^^t thiok. A soft stratum 
30 feet thick. F2^ feet from the top. fur- 
nishes most 0/ the water. The flow did not 
increase below It. The water is said to be 

salty 2.495 2.670 

Oron*o Group : Amnicon Formation. 

Red shale 425 3,905 



Depth of well 3,095 3,095 

Middle River. On Middle River, in eastern Douglas County, 
occurs perhaps the most interesting exposure in the entire dis- 
trict. Here over 3.000 feet of strata are exposed in a great over- 
turned fold. The structure of the locality is shown in Plate 
XIII, p. 66, which is based on a paced survey made by Grant in 
1899.1 (See also Plate VII, p. 50; Plate XVII, B. p. 74; and 
Plate XXI, 90). 



1 Grant, U. S., Copper-Bearing Rocks of Douglas County, Wis. Geol. 
and Nat. Hist.. Survey. Bull. VI, 1900, pp. 18, 20. 
Personal communications. 
Sweet, E. T.. Geol. of Wis., 1873-9, vol. Ill, p. 347. 
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A. M«l I um-s milled felilsiiathlr aimdHtone (Bpeflm?u ll,104>. rram Soutb Fork 
of FlBh Creek. Sec. 11, T. 47, B. 6 W.. Baffleld County. Aversge diameter of 
Kralns .3G mm. SeveDl; per cent ol tbe rock la quartz, tbe remainder belns 
leldspara (maloly ortboclase, but some mJcrocllne) and Iron oilde. The cement 
Is quartE, It should be noted that the rock does not differ greatlr from those 
of tbe BayBdd group. Plates III, p. 26, and VI, p. 44. 



B. Coarse-grained white arki 
horlion than A. Tbe average 
mlcroclfaie) Is 2.0 mm. long. <; 
Is mainly ortboclase. but there 




ot feldspar, should be compar 



(specimen 11,307), from a lower 
of tbe gralDB la .5 mm, hut the largest (ot 
,E makes up bait of tbe rock ; the remainder 

lucb plagloclsse: little Iron oilde Is present. 

and angularltjr of tbe gralna. as well as tbe greater proportion 
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SECTION PN MIDDLE BIVEB, DOUGLAS COUNTY 



Thickness 



Feet 



Orienta Sandstone. 

12. Horizontal tfaick-bedded light pinkish brown sand- 
stone; grains are of medium size and appear to be 
mainly quartz. The oanding with red and white 
(see p. 31) often gives the Impression of folds. 
Estimated thickness 225 

11. Unexposed, but showing fragments of thick-bedded 

brown sandstone ....... 100 

10. Thin-bedded roddish sandstone apparently contain- 

inp a larg* r pnpoition of feldspar. Dips 35° N. 50 
9. Coarse white sandstone with pebbles of trap and 
quartz; some is very calcareous (Spec. 11243) 

Dips 60° N 50 

8 Unexposed, probably contains the Copper Creek beds 300 
7. Medium to coarse grained pebbly, brown sandstone; 
beds very heavy and hard to make out, but appear 
to be vertical. Shows iron banding. It may cor- 
respond to the brownstone of Amnicon River (see 
p. 43). Grains of feldspar and mica are apparent 
to the unaided eye. Under the microscope (Speci- 
men 11240), it is seen that these constitute not over 
a quarter of the rock, the remainder being quartz. 
Microcline and plagioclase are distinguishable, al- 
though most ot the feldspar is orthoclase. Biotite 
Is also seen ........ 250 

6. Unexposed ........ 200 

5. Fine grained red sandstone, apparently containing 
more feldspar and mica than higher beds; coarse, 
soft, brown sandstone; reddish, medium-grained, 
more feldspathic sandstone In vertical beds. The 
coarser rock was examined microscopically (Plate 
XIV, A, p. 68) and found to be over two-thirds 
quartz. The subangular grains average .35 mm. 
diameter. Some large microcline fragments were 
discovered. It is not notably different from the 
brownstone at Port Wing (see p. 42 and Plate 
VI, A, p. 44). The cement is alteration products 
derived from the feldspars 250 
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4. Medium ta fine-grained pinkish or brownish sandstone 
with frequent greenish bands and -spots. Pebbles 
and clay pockets are not common. Some beds are 
cross-bedded or show curious curved forms; most 
are in heavy layers making the stratification diffi- 
cult to determine (see Plates XVII, B, p. 74 and 
XXI, p. 90). Towards the base a few thin layers 
of rett shale occur. Two thin sections from the top 
and bottom of the horizon were examined (Speci- 
mens 11233 and 11235). The grains average less 
than .3 mm. in diameter and are slightly more 
angular than in higher strata. Quartz const tutes 
from a third to a half of the material. The re- 
mainder is almost wholly much altered feldspar, 
mainly orthoclase. Occasionally microcline is seen, 
as well as a few altered ferromagnesian minerals 
and mica. The cement appears to be quartz and 
feldspar enlargements, with some iron oxide . . 1 . OOO 

3. Red shale, dips about 70* S 10 

2. Fine-grained thin-bedded hard red and greenish gray 
spotted sandstone. Dip varies from 45° S. to 80" S. 
ITnder the microscope this is seen to be little differ- 
ent from the lower part of the bed above (Plate 
XIV, B, opposite). Less than half is quartz. The 
grains average about .25 mm. diameter and are ce- 
mented by quartz and feldspar. Microcline and 
plagioclafe may be distinguished in the feldspars 
but most of them are much altered, generally to 
kaolin. Ferromagnesian minerals and mica can also 
be seen ......... 275 



Total thickness of Orlonta sandstone .... 2.735 

Amnicon Formation. 

1. Purplish red and light-green ish-gray very fine-grained 
sandstone to sandy shale, in beds seldom over an 
inch thick. Dip varies from 60° S. to vertical. 
Ripple marks and mud cracks are decidedly abund- 
ant. There is scarcely any cross bedding. In but 
one place were found ripple marks by which the 
Inversion of the strata could be demonstrated! (see 



1 Most of the ripple marks are of the symetrical indeterminate type. 
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older snDdstones, snd aTvrafte about .35 loin. In diameter. The rock is < 
two-thirds quarts. Tbe remainder la. as uauni, frldgpar. In which some li 
mkrocllDc fragmsntB arr consplcuouH. The cement la composed of alterai 
products trom the teldsparg. 




R Fliie-Brnliied i.liik f.-l , 
The Krolns arc Bonienhiil inoi-e 
diameter. Leas than half of Ihe 
claae. but microdine and plagloi 
erals, Includlnir mloiis. also occii 
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arti. Most of the feldspar Is ortho- 
Ibo abundant. Ferromugneslon mtn- 
neat Ix quartz aud teldsjiar, stained 
il wlfh A. as well as wllb Plates X, 
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p. 90). A tWn section (Plate XVI, A, p. 72) 
Irom one of (be greenish layers was examined. It 
cODBletB of extremely Dne angular grains of riuartz 
Idlameter about .01 mm.), with a few teldBpars, Im- 
bedded In a matrix of orystattlne calclte which 
forms over a third of tbe slide, but analysis shows 
that It is less than 20'/, of the total (see p. 52). 
Mica flakes are seen In places, being concentrated 
on some bedding planes. Tbe red noncalcareous 
phase was not examined microscopically 



Total thickneea 



. 3.100 



In the field the lithological likeness of the lower beds of this 
section to the upper part of the known Ainnicon formation of 
the Oronto group is more striking than any description can 
make it, so that the writer has no reasonable doubt of the cor- 
relation as given. However, it must be remembered that the 
distance from undoubted outcrops of the Oronto group is con- 
siderable. 

St. Louis River. At the cxtrenii' northwest corner of tin 
state, on St. Louis River, and extending for a short distance 
into Minnesota, is an exposure of about 730 feet of conglomer- 
ate, sandstone, and shale. These beds are prevailingly red in 
color but are spotted and streaked with white or greenish -gray. 
They contain much feldspar, decreasing in amount towards the 
top of the e tioi (Plates \ I B p 44 and X\ I B p 72) Rip- 
ple marks mud raiks and rain rrmts ar ahuniaut (Figl), 




In all their characters thej are like the upper part of the 
Oronto group, and insensibly grade upward into rock like that of 
the lower part of the Orienfa sandstone. 



70 RELATION OF SANDSTONES. 

The following detailed section is based upon one given by N. 
H. Winchell of the Minnesota Survey, supplemented by the ob- 
servations of the writer.^ The dip varies from 3° to 10"* to the 
southeast (see Plate XV, opposite). 

Winchell was inclined to assume the existence of an uncon- 
formity between the lowest conglomerate, w^hich is mainly com- 
posed of pebbles of vein quartz, and that which overlies it and 
is composed of basic trap pebbles. He found a pebble in the 
latter which he supposed to have been derived from the pyritif- 
erous quartz (»onglcinerate. The writer f :und no evidence for 
such a divis'lon. A large pebble of Keweenawan porphyry (Spe- 
cimen 11272) was found in the lower conglomerate, and there is 
a complete gradation between the two types (see p. 17). 

SECTION ON ST. LOUIS RIVER FROM FOND DU LAC TO THE POWER HOUSE 

Th ickness 

Or enta Sandstone. Feet 

1. Upper Sandstone Beds. Reddish brown sandstone of 

medium grain (about .4 mm.) spotted with and 
grading into white. Contains pebbly bands, and 
micaceous shaley layers. The pebbles are trap, 
vein quartz, and quartzite. The bedding varies 
from thick to thin and cross-bedded. The quarries 
are on this bed. Under the microscope, the grains 
are seen to be subangular. About two-thirds of the 
rock is quartz, the remainder being more or less al- 
tered feldspar, mainly orthoclase (see Plate VI, B, 
p. 44). Mlcrocllne, plagloclase, mica, magnetite, 
and various ferromagnesian minerals appear. Specks 
of red iron oxide also appear, but the cement Is 
quartz ......... 200 

2. Dark red shale, with greenish layers and spots . . 18 

3. Lower Sandstone Beds. Sandstone much like 1. Is 

somewhat finer grained and contains more mica, 
shaley beds, red and green clay pockets, and beds 



1 Winchen, N. H.. Anier. Geol., vol. 16, 1895, pp. 75, 150; Minn. GeoL 
& Nat. Hist. Survey, 10th Ann. Kept, 1881. pp. 30, 91; Id.. 23rd Ann. 
Report. 1894, p. 239; Geology of Minn., 1899, vol. IV, p. 15. 
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of magnetitic rock. Under the microscope (Speci- 
men 11328) shows little difference from 1, except that 
not much over half is quartz and there is more mica 



Total Orienta sandstone 

Amnicon Formation, 

4. Red shale, like 2 

5. Alternating beds of sandstone and red shale. Thick- 

ness not accurately known. Under the microscope 
(Specimen 11326) shows medium-sized (about .3 mm. 
diameter) grains; all are subangular. Not much 
over half are quartz, the remainder being mainly 
altered feldspars of all kinds, orthoclase being most 
abundant, but some microcline can be distinguished 

6. Red shale 

7. Thin-bedded red and white sandstone, finer grained 

than the higher layers. Under the microscope 
(Plate XVI, B, p. 72) It Is seen that less than half 
is quartz. The orthoclase feldspars are much altered, 
but some plagioclase was seen. There is consider 
able mica. The cement is mainly calcite 

8. Main Shale Bed. Red shale with thin partings of 

hard greenish sandstone, and some grit towards the 

base. Thickness not accurately known on account 

of faulting (see Plate XVII, A, p. 74) 

8Mi. Red and green' shale with rlpplemarks 

9. Grit and shale series. Grit 

10. Red shale ...... 

11. White grit 

12. Red shale with greenish spots, ripple marks and rain 

prints (Specimen 11316) 

13. Grit, mostly light colored .... 

14. Red shale ...... 

15. Grit 

16. Red shale 

17. Grit 

IS. Red shale ....... 

19. Grit 



70 



288 



10 



75 

10 



45 
4.5 
.5 

3.0 
3.0 

14.0 
.75 
.25 

2.0 
.25 
.35 
.35 

1.0 



1 Below this the numbering of the beds agrees with Winchell's sec- 
tion. 
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20. Ked shale, mud cracks 

21. Grit, white, quite calcareous from decomposition of 

basic feldspars 

22. Red shale and shaley sandstone, with green layers and 

ripple marks 

23. Light red sandstone ..... 

24. Red grit, some white 

25. Shaley red sandstone, very hard; some white 

26. Red grit 

27. Dark red shale and shaley sandstone 

28. Lighter colored sandstone (white and red) 

29. Green shale, ripple marks .... 

30. Red shale and shaley sandstone, ripple marks 
3L Grit with shale layers .... 

32. Red and white mottled cross-bedded sandstone 

33. Grit and conglomerate, coarsest in middle 

34. Shaley micaceous sandstone; pinches out 

35. Grit 

36. Red shale 

37. Grit . 

38. Red shale .- 

39. Greenish grit 

40. Red and white sandstone, pinches out into conglom- 

erate. Under microscope (Specimen 11300) shows 
that over thret-quarters of the rock is quartz. Re- 
mainder includes feldspars, mainly orthoclase, al- 
though both microcline and plagioclase were distin- 
guished, mica, and I'arely ferromagnesian minerals. 
Average size of the grains is about .25 mm. but there 
is much variation. All are subangular 

41. Red grit passing below into coarse light colored sand- 

stone; cross-bedded ....... 

42. Red ccnglomerate, coarser below; pebbles up to two 

inches ......... 

43. Red shale with green spots; some conglomerate 

44. Firm light-colored conglomerate with enclosed layers 

of cross-bedded sandstone ..... 

45. Green and red shale, micaceous . . . . 

46. Sandy shale ........ 

47. Fine red shale, ripple marks . . . . . 

48. Quartz Conglomerate. Coarse hard pyrltiferous con- 

glomerate. Color usually white to greenish. In- 
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eludes layers of shaley sandstone, red conglomerate 

and red or green shale 50 

49. Conglomerate, somewhat coarser and very hard.. The 
pebbles are of vein quartz, slate, qiiartzite, and iron 
formation. But one trap pebble was found. A foot 
of green shale is found in places next to the under- 
lying slate 100 



Total thickness 727 

Total thickness computed from dip and allowing for 

faults 730 

Huronian 

50. Thomson slates. Gray slate Unknown 

A number of wells in Superior* disclose a similar succession. 
The result of the southeasterly dip of the sandstones is that 
while in East Superior solid brownstone is found, along the St. 
Louis River to the west there is only discovered red sandy shale, 
carrying a little salt water. The deepest well of which the record 
was obtained, is Patterson's, in N. E. Vi of N. E. Vi of Sec. 24, 
T. 49, R. 14 W. (see general map). This penetrates 185 feet of 
dry drift, below which was found over 700 feet of red sandy 
shale, undoubtedly belonging to the Amnicon formation. 

Stuxunary. The exposures described above show that the 
stratigraphic sequence of a downward gradation through pro- 
gressively more and more arkose sandstone into red shales, some- 
times interbedded with conglomerate and grit, is found through- 
out- the district. In the case of the exposures on Middle and 
St. Louis rivers it is practically certain that the upper beds 
belong to the Bayfield group. On the other hand, in the case of 
the Fish Creek section, farther east, the lower beds plainly be- 
long in the Oronto group, and are seen to grade upward into 
sandstones which are correlated with the Bayfield group. These 
facts indicate that the Bayfield arid Oronto groups are conform- 
able and hence should both be placed in the Upper Keweenawan 
series. 



1 Records furnished by J. A. Colwell, a well-driller, 1900, and Prof. 
J. A. Merrill, 1910. 
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The only alternative is to suppose that the Bayfield group 
rests unconformably upon the Oronto group, somewhere beneath 
the drift-covered interval at the liead of Chequamegon Bay. 
While this cannot be disproved, there is nevertheless no evidence 
of any kind to indicate that such is the case and on such an hy- 
pothesis must rest the burden of proof. 

Categorically the evidence may be stated as follows: — 

1. The same conformable downward gradation from more 
quartzose into more feldspathic sandstone and red shale is found 
at several widely separated localities within the district. 

2. At most of these localities the indentification of the upper 
beds with the, Bayfield group is indisputable. 

3. On Fish Creek the correlation of the lower beds with the 
Oronto group is almost equally definite, thus indicating that the 
lower beds at other places are presumably the top of the Oronto 
group. 

4. No debris worn from the rocks of the Oronto group has 
been found in rocks of the Bayfield group. For the most part 
the younger sandstones are made up of grains which average 
somewhat larger in size than those of the Oronto group, thus 
showing that the materials of the Bayfield group must in any 
event have been largely derived from other sources than those 
of the Oronto group. 

5. There is no universal structural difference between the 
two groups. The Bayfield group lies in the center of the Lake 
Superior synclinorium and hence is usually nearly horizontal; 
but near Superior, all along the great fault of the Douglas trap 
range, and apparently on Fish Creek, it was involved in the 
extensive folding and faulting formerly supposed to be con- 
fined to the Oronto group. 

6. If the Bayfield group is unconformable upon the Or- 
onto group, then its lowermost exposed member is indistinguish- 
able on lithologic or structural grounds from the recognized 
Oronto group. 

There is, therefore, no reason to place the Bayfield and Oronto 
groups in different periods, and the evidence at hand drives us 
to the conclusion that the Bayfield group is a part of the Upper 
Keweenaw^an series. 



WlHCOIfSIN GBOU 



Hist. Sdbtrt. Bdllktin No. XXV, mn XTII. 




f SI. LodIh River, near 
I. 'I'liB rlllT exposes red 
> pnrl of tlip Anmlcor " 
t passes throusb the 



betwi^en St, Loulg and Carlton 
i. with tbin greenUb aandatone 
nariDHl tault of at least 
exposures (se« p. 9t>. 




COyTACT WITH TRAPS. 75 



CHAPTER VI 



THE CONTACT OF THE BAYFIELD GROUP 

WITH THE TRAPS 



General Statement. All rWa^ tlio south coast of tlie wost 
-€nd of Lake Suporicr tlie Bayfield f?roup of saiidstoii»*s eovnes 
into contact with the traps of Middle Keweenawan age, with dip 
to the southeast at angh^s varying from 10 to 70 di^grees. At 
4:he head of the lake, on St. Louis River, near the western border 
of the state, the conformable downward extension of this group, 
the Amnicon formation, appears from beneath the younger sand- 
stones and is plainly in unconformable contact with the under- 
lying slates of Iluronian age. 

Douglas Fault. It has long been recognized that the con- 
tact of the Bayfield group with the traps of the Douglas (or 
South) Range is marked by a fault. With regard to the age, 
extent, and significance of this displacement there has been much 
diversity of opinion. As explained in Chapter III, Irving was 

I 

of the opinion that the contact was an unconformity along a 
fault scarp complicated by slight recent movement on the same 
plane. Since that time, Grant recognized that an enormous 
displacement has taken place since the deposition of the sand- 
stone, and that the fault is of the thrust type (see p. 89). 

LOCAL DETAILS 

On Iron River, near the eastern boundary of Bayfield 

County, is the most easterly known exposure of the traps of the 

'South or Douglas Range. Several miles west of this small out- 

'Crop, the crest of the Douglas trap range rises above the plain 
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of Pleistocene deposits (see p. 7, and Plate II, p. 8). Where 
Brule River crosses through a deep gap in this ridge, the contact 
of the sandstone and trap is not exposed ; it occurs beneath a cov- 
ered space of about a fourth of a mile. No distinct ev Icucc of 
faulting or other disturbance appears at this point in either ♦'or- 
mation. A contact showing fine conglomerate was reported by 
Sweet^ (see p. 44), in Sec. 30, T. 48, R. 10 W. This locality 
was visited by Grant's party, but the exposure was not found. 

BQddle River Contact. Ten miles west of the Brule, Mid- 
dle River exposes the contact of the traps and the Amnicon 
formation, which conformably underlies the Bayfield group 
(see p. 66). Berkey, Van Hise, and Grant visited this locality 
in 1899 and made the map which is the basis of Plate XIII. 
They recognized the true beddipg of the sandstone, which Sweet 
had not," and assumed that the structure was anticlinal. (See 
also Plate XVII, B, p. 74, and Plate XXI. p. 90). 

The w-riter decided that this interpretation must be an error 
since the stratigraphic sequence observed in other localities is 
exactly opposite to that required by such an hypothesis (see sec^ 
tion on p. 67). No evidence could be detected of a small syn- 
cline next to the fault at the eastern exposure,'^ such as would be 
expected below a thrust fault. The fault cuts the E-W strik;> 
of the fold, the layers in which are somewhat broken near the- 
contact. Furthermore, as explained on p. 68, ripple marks are- 
found, which clearly demonstrate that the southward-dipping 
beds have been overturned. The structure deduced from these 
facts is that of an overturned and broken anticline, a normal 
structure in connection with a thrust fault; while that described 
bv Grant w^ould be unusual. 



1 Sweet, E. T.. Geol. of Wis., 1873-9, vol. ill. p, 348. 

Irving, R. D., Copper-Bearing Rocks, Mon. U. S. G. S., vol. V. 1883, 
p. 257. 

2 Sweet, E. T., Geol. of Wis., 1873-9, vcl. Ill, p. 347. 

3 Grant, U. S., Copper-Bearing Rocks of Douglas Co., Wis. Geol. fr 
Nat., H:3t. Survey, Bull. VI, UOl, structure section C-D on Plate IX. 
p. 31. 

Junction of Lake Superior Sandstone and Keweenawan Traps 

in Wis.. Bull. Geol. Soc. of America, vol. 13, 1906, p. 8. 
Personal communications. 
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Anmicon River Oontact. AVhere Aiunieon Hiver crosses the 
fault, occur good exposures which bring to light the actual plane 
of contact.* Changes in the course of the stream have resulted in 
uncovering the formations for a considerable distance, as shown 
in Fig. 10. 'These exposures are particularly interesting, in 
that they show the direction of the fault to change abruptly 
from nearly E. and W. to N. 70° E. 

The eastern exposure, which -doubtless was at one time a chan- 
nel of the river, is in a deep and narrow ravine following the 




Kic. 10. 



Sketch map showing contact of trap and sandstone on AmnicoD 

Kivor, Douglas County. 



contact for some distance. The actual junction is covered with 
but a few inches of soil. The south side of the ravine is an 
overhanging wall of brecciated trap. In the bottom, occasionally 
rising into ridges, and on the north wall, occur exposures of 
conglomerate with interbedded layers of sandstone. The dip of 
the beds varies from vertical to about 45° N. ; but the exact rela- 
tion of the horizontal sandstone farther to the north could not 
be determined because of fallen debris and the irregular shear- 
ing that conceals the true bedding. It is probably marked by 
faulting, as will presently be explained. The conglomerate is 
composed of trap pebbles, usually much weathered, averaging 
an inch or two in diameter, but with occasional specimens a foot 
in diameter. All are well rounded, and, so far as was ascer- 
tained, composed mainly of porphyry and amygdaloids. The 



1 Sweet, E. T.. Geol. of Wis.. 1873-9. vol. Ill, p. 346. 
Grant, U. S., Copper-Bearing Rocks, p. 19. 
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sandstone matrix and interbedded layers do not differ, except in 
coarseness of grain, from the rock exposed to the north (p. 43) ; 
some, however, appear to contain more small fragments of trap. 
At the west end of the ravine is exposed a thin layer of hard 
ferruginous sandstone. It forms the face of the north wall, 
dipping south at approximately the same angle as the fault 
(about 45°), thus cutting across the vertical layers of conglo- 
merate and sandstone beneath.* On the upper surface of this 
layer are two sets of grooves; one is parallel to the dip, the 
other is inclined at an angle of about 30° in a NE~SW direction. 
The exposures are naturally much better on the present banks 
of the stream to the west (Plate XXII, B, p. 92). That this 
present course has not been occupied by the river for a great 
length of time, is shown by the fact that the fall of about 13 
feet, just at the fault line, has receded but slightly into the 
trap,s. Plate XVIII shows the eastern wall of the gorge. Two 
faults are seen, of which the upper or southern one dips 38° S. 
with an E-W strike; the lower 46° S., strikes N. 72° E. They 
are separated by a zone of trap breccia, such as also occurs be- 
neath much of the bottom of the ravine to the east, as above 
described. It consists of angular and subangular fragments of 
weathered trap, some of them several feet across. North of the 
lower fault occurs a wedge of conglomerate, bounded on the 
nortli by an approximately vertical plane. In this conglomerate 
are two thin sandstone layers striking parallel to this fault, and 
dipping south at a somewhat steeper angle than the fault. The 
southern one is almost quartzite, and the other carries scratches 
like those noted to the east. The bedding of the conglomerate is 
otherwise indistinguishable. In places to the north it appears to 
be vertical, as sliown by an interbedded sandstone layer; but 
^liere, with no appearance of fracture, the conglomerate gives 
way above to horizontal thin-bedded quartz sandstone, and below 
to cross-bedded pebbly white sandstone, among the pebbles of 
which are some of quartz and quartzite. There an appearance 
lof gradation is presented, but above the contact is sharp. Shear- 
ing makes the relations difficult to determine. Above the top of 
the conglomerate the foot wall of the fault is composed of much 
fractured sandstone. About 100 feot to the north a small thrust 
fault of undetermined throw is seen in the sandstone, as shown 
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in Plate XXII, A, p. 92 ; the dip is 38° S., the strike about N. 
55° E. 

The west bank is not so well exposed, owing to a recent 
fall of the overhanging wall of trap, thus concealing the 
main fault. Two other zones of displacement may be seen to 
the north. The southernmost of these ia important since it shows 
the relation of the vertical sandstone and conglomerate to the 
horizontal sandstone beds. 

It is not clear just how the middle fault is related to that 
described on the other side of the river. The two there seen, 
appear to join beneath the water, so that no well-defined breccia 
is seen on the west bank, the actual contact being marked only 
by an inch or so of red shale. The middle fault of the west bank 
branches out from the others beneath the river. It is composed 
of several irregular planes of fracture, as is shown in the plate 
Between the two faults is found conglomerate with irregular 
interbedded sandstone layers, all much sheared, as is imperfectly 
shown in Plate XVIII a, B, p. 78. A remarkable feature is the 
sudden ending of one of the conglomerate layers against sand- 
stone below, with no appearance of fracture. Whether or not the 
alternation of conglomerate and sandstone represents bedding, is 
not known ; but it is worthy of note that no conglomerate is found 
in undisturbed sandstone beds, while most of the layers occupy a 
vertical or highly tilted attitude and are much sheared. This in- 
tense shearing is quite irregular ; no permanent system could be 
discovered, although many of the planes of fracture dip toward 
the fault at a low angle. In the western bank the northernmost 
fault is again seen, dipping to the south at an angle of 28°. 

There are but poor exposures in the wide valley that crosses 
the fault to the west of the river. The inclined conglomerate 
beds reappear, but their relation to the horizontal beds to the 
north is not clear on account of the intense shearing ; no pebbles 
extend beyond their limits. Fractures approximately parallel to 
the fault are most abundant, apparently representing the dying 
out of the middle fault. The strike of the contact is here N. 70* 
E. while that of the conglomerate is N. 50° E.^ 



1 About a quarter of a mile to the west is a valley which crosses the 
contact and is believed to show exposures; the writer was, however, 
unable to visit it. 
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Copper Creek. In set-. 15, T. 47, R. 14 W., Chopper Creek 
crosses the contact of the sandstones with the traps. The actual 
junction is covered by a few feet of debris, so that the attitude 
of the fault plane is difficult to determine.^ Sweet's section 
shows it dipping to the north, but the writer was inclined to 
believe that the dip is abdVit 60° to the south. The sandstone is 
sheared and sharply flexed for a distance of less than a hundred 
feet from the contact, thus indicating an upward movement of 
the igneous rocks. No conglomerates or other unusual features 
are found in the sandstone. 

Falls of Black River. What is probably the best known 
exposure of the sandstone-trap contact is that in the S. E. I4 
pec. 21, T. 47, R. 14 W., at the picturesque falls of Black River. 
The locality is, however, more attractive for its scenery than fur 
its rocks, for the latter are not everywhere well exposed.- Plate 
XIX is a map of this locality made by Grant in 1899, and shows, 
the complex relations of the formations mor^ clearly than could 
any description. 

Conglomerate is found in but two places. The pebbles are 
decayed acid lavas, vein quartz, and red quartzite, preserving 
about the same proportions as the pebbles in the main body of 
the sandstone. The sizes, liowever, average somewhat larger, 
pebbles six inches in diameter being found. 

On the east bank, not far above the stream and beneath 
trap layers higher up the bank, is a ledge of conglomerate with 
two interbedded sandstone layers which dip 30-40** N. This is 
quite close to the main fault (which here dips some 50*^ S.) and 
to the supposed cross fault. Above the conglomerate, sandstone, 
bearing but occasional pebbles, approaches close to the fault. 

On the west bank of the stream is a larger ledge of conglomer- 
ate and sandstone. The dip here is reversed, being about 10 to 
20 degrees to the southeast. This feature is shared, as may be 
seen in the diagram, l)y a number of sandstone exposures to the 



1 Sweet, E. T., Oeol. of Wis,, vol. Ill, 1873-9, p. 344. 
Grant, U. S., Copper Bearing Rocks, p. 19. 

2 Sweet, E. T., Geol. of Wis., vol. Ill, 1873-9, p. 340. 
Grant, U. S., Copper Bearing Rocks, p. 19. 
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west. All of these rocks are quartzose, like those to the north, 
the only difference being that they are considerably harder. 

Above these exposures rises a cliflf of trap breccia, in which 
are included several large pieces of red quartzite. The extent 
of the brecciation is much greater than noted elsewhere, extend- 
ing several hundred feet from the contact. The dip of the 
fault here cannot be measured, but appears to be not very steep. 

The sandstone north of a line bounding these south-dipping 
exposures, as usual dips to the north. These beds are described 
on p. 44. 

A study of the detailed map shows that the reentrant in the 
fault line must be the cause of the abnormal features here noted, 
just as the bend in' the reverse directiun at the Amnicon River is 
accompanied by peculiar phenomena. There must be a cross 
fault to account for this reentrant angle ii^ the border of the 
trap ; the excessive brecciation is doubtless due to its presence. It 
is most probable that the south-dipping layers of sandstone are 
separated from the north-dipping by a continuation of the fault 
to the east of this break. This fault probably passes through 
the poor exposures on the west side of the valley, although they 
are so obscure that nothing can be stated positively; it may, 
however, join the main or southern fault beneath a covered space 
farther to the east. The writer could distinguish no definite 
evidence of unconformity, or of this reentrant being a sinuosity 
of an ancient shore line, as supposed by Irving.^ 

In the S. E. i/i of the N. W. VI of sec. 29 of the same town- 
ship occurs a small exposure of the contact. Irregularly-sheared 
sandstone occurs within two feet of trap breccia and dips about 
40° N. for a short distance from the contact. 

Interpretation of Exposures. Irving believed that the phe- 
nomena above described represented an unconformity along a 
fault scarp, complicated by a slight amount of recent faulting 
on the same plane. Grant discovered the great amount of throw 
(at least 3,000 feet; see p. 66) which the fault possesses, and 
declared the evidence to be not conclusive in favor of uncon- 



1 Irving, R. D., Copper-Bearing Rocks, Men. U. S. G. S., vol. V, 1883, 
p. 441. 
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formity. All former investigators have assumed that the sand- 
stone was a marine deposit, a fact now regarded as decidedly 
doubtful. 

The following evidences favor the older view : 

1. The presence of conglomerates, often of large pebbles main- 
ly, if not sometimes wholly, derived from the rocks of the adja- 
cent trap series. 

2. The striking difference in the amount of folding and met- 
amorphism of the two groups of rocks, which implies that most 
of the deformation of the traps must have taken place before 
the deposition of the younger sandstones. 

3. The enormous throw and subsequent erosion required by 
the fault hypothesis. 

4. No strata are known from which the conglomerates might 
have been faulted up ; these is little to show definitely that they 
have been faulted up more than a few feet. 

5. The dip of the fault plane to the south, giving it a large 
horizontal component of motion, would have cut away a large 
part of the coarse deposits adjacent to tlie fault scarp, thus ex- 
plaining the absence of conglomerate at some points. 

6. As the fault is part of the Keweenawan deformation, rep- 
resenting a broken fold, it is quite probable that faulting began 
before the time of deposition of the adjacent sandstone, and per- 
haps continued through the time of its formation. 

7. The Bayfield sandstones may be areally continuous with the 
horizontal light-colored sandstones of the Mississippi valley (ef. 
p. 58), which are separated from the tilted Middle Keweenawan 
by a considerable unconformity. 

The following facts support the idea that the faulting is in 
large part, if net wholly, later than the deposition of the sand- 
stone : 

1. Well defined conglomerates occur at but two localities ont 
of the eight knowTi exposures (less definite ones occur at two 
others). 

2. They are never found over a few rods from the contact. 

8. They do not clearly grade into the adjacent sandstone. 

4. They occur only at points of unusual minor faulting in the 
sandstone. 
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5. No patches of sandstone are found resting uncomformably 
upon the trap. 

6. The amount of conglomerate is not sufficient, nor are the 
pebbles large or angular enough, to be regarded as either a 

subaerial or marine deposit along a fault scarp. 

7. In many cases the pebbles are one-third vein quartz and 
^uartzite; these could only have been supplied from a distant 

source, and would not be likely to occur along a fault-scarp. The 
trap pebbles were not usually derived from the immediately ad- 
jacent rocks. 

8. The inclination of the fault plane involves a large horizon- 
tal component, approximately equal to the vertical one. If 
faulting took place during or just prior to the deposition of the 
sandstone, this would involve a shifting northward of the scarp 
line, thus supplying a large amount of fresh unweathered sed- 
iment. No such amount of sediment of that character is found 
in the upper beds of the sandstone. 

9. The throw of the fault since the deposition of the sand- 
stone is certainly great ; it must be at least 3,000 feet, since that 
thickness of strata is involved on Middle River. 

10. The total displacement involved, even if the traps are as 
thick as was formerly supposed (see p. 89), is not greater than 
that of many well-known thrust faults. The uplifted rock may 
readily have been eroded during the long time that has since 
elapsed. 

11. The conglomerates that occur are so intensely sheared 
that they may represent material from lower conglomerates 
-which has been dragged up along the fault and worked into the 
sandstone, like the layers of sandstone that have been found in- 
cluded in the trap breccia (see p. 81). This hypothesis would 
explain some of the peculiar features of the conglomerates, found 
only at points of intense faulting. We have no knowledge* 
of the stratigraphy of the lower beds of the sandstone in this 
part of the area, but conglomerates almost undoubtedly occur 
at lower horizons. 

12. At several points, cross-bedded layers in the sandstone 
dip toward the fault. This would be an unusual occurrence 
if the rocks occupied the same relative positions at the time of 
the deposition of the sandstone, as they do today. 
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13. The areal connection of the Bayfield group with the Cam- 
brian sandstones of Minnesota is not proved ; the age and struc- 
tural relations of the red sandstones beneath the light-colored 
Potsdam of Minnesota are unknown (ef. p. 58). 

14. If the supposed fault scarp was being eroded during the 
deposition of the sandstones, then the sandstones must have 
been formed very soon after, if not during a period of regional 
deformation. This contrasts them sharply with those of the 
recognized Cambrian of southern Wisconsin, which were evi- 
dently formed under quiescent conditions (cf. p. 101). 

15. The sandstones adjacent to the fault (Bayfield group) 
are apparently conformable upon those which overlie the traps 
(Oronto group) and elsewhere are\ folded with them. They all 
belong to the same period of deposititm. Therefore it is very 
impr9bable that the exposures described above represent an un- 
conformity involving any great lapse of time. If there is any^ 
unconformity, it is rather a local matter formed by slight move- 
ments of the fault during the deposition of the sandstones. 

The writer concludes that inasmuch as deformation appears 
to have been more or less continuous throughout Keweenawan 
time, the probabilities are, that while most of the movement on 
the fault may have been accomplished before the deposition of 
the sandstones now exposed, that slight movements may have 
occurred during their deposition, while a considerable amount 
has demonstrably occurred since. This hypothesis agrees best 
with all that is known of the phenomena (cf. p. 108). 

North Ooast Oontact. Near Duluth, several supposed con- 
tacts of the sandstone with the trap came to the notice of the 
writer. Upon investigation they proved to be either red syenite, 
cemented drift, or interbedded Middle Keweenawan sediments. 
But as explained on p. 107, it is entirely possible that an uncon- 
formable contact may yet be found. 

St. Louis River Contact. Although on St. Louis River tlie 
Amnicon formation of the underlying Oronto group is seen in 
contact only with the Iluronian slates, the presence of basic 
trap pebbles in such abundance implies a nearby exposure of 
Keweenawan igneous rocks during deposition, and hence a pos- 
sible unconformity. Less than a mile from the exposures on 
Mission Creek, near Fond du Lac, hills of intrusive gabbro rise 
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to a level some 500 feet above the exposures. About the middle 
of the interval between these exposures, some real estate specu- 
lators at one time drilled a deep hole in search of natural gas, 
the log of which is here given: 



ThicknesSf feet 
. 100 



131 
12 
33 

104 
37 



31 



LOG OF CHUR:« drill hole near short line park, MINN. 

Situated on S. line Sec. 32, T. 49, R. 15 W., in a ravine at elevation 
900 feet A. T. (After N. H. Wlnchell, Natural Gas in Minnesota, Minn. 
Geoi. and Nat. Hist. Survey, Bull. V, 1889, p. 31; Geology of Minnesota* 
Vol. IV, 189;^, p. 567.) 

J*leistoc€ne, 

Drift (clay?) no samples .... 
Keiceenaican 

2. Hock, said to be soft, no samples 

8. Brownish red shale (called tuff by Winchell) 

4. "Decayed trap", perhaps conglomerate 

5. No samples, presumably same as above 

6. "Surface eruptives", perhaps conglomerate . 

7. The same, samples appeared to be In part fragmental, 

hence is probably a conglomerate .... 

8. Gray slate or shale, said to be misplaced in record, but 

is possibly one of the greenish siliceous shales of the 
Amnicon formation ....... 

9. Pink to purple quartz sand with some trap fragments 

10. The same but coarser and pyrltiferous with pebbles of 

trap 

11. "Gray slate", probably shale rather than slate misplaced 

in the record ........ 

12. "Gabbro" 

13. Conglomerate of soft trap pebbles .... 

14. Fink and gray quartzose, pyrltiferous conglomerate and 

quartzite containing pebbles of slate, and probably 
layers of shale ........ 

15. "Surface lavas like those at Duluth." These rocks are 

clearly igneous ....... 

Huronian-Thomson Slate 

16. Gray and black quartzose slate .'.... 



15 
5 



17 

16 

2 



20 



91 



930 1^ 



Depth of hole ..... 
A little salt water was found, but no gas. 



1,5171^ 
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The interpretation of the foregoing record is difficult. Win- 
» chelH correlated No. 14 with the similar white quartzose, pyritif- 
erous conglomerate which is exposed on the banks of St. Louis 
River, to the west. He believed that the conglomerate seen in 
the river valley was older than the Keweenawan lava flows, since 
it contains no trap pebbles. (One large one was found by the 
writer, see p. 70). The red conglomerates and shales of the St. 
Louis River section, which at that point immediately overlie 
the pyritiferous conglomerate, he held to be either separated by 
p.n uni^i nformity from the pyritiferous conglomerate or to have 
been deposited cont«Mnporaneously with the traps. The inter- 
bedding of traps and conglomerates, which he believed was shown 
in the above drill record, fits with either hypothesis.- A single 
pebble of pyritiferous conglomerate found by him in the red 
trap conglomerate, was believed to come from the underlying 
conglomerate and therefore to indicate an hiatus between the 
deposition of the two conglomerates, the upper one of which 
he believed to be of pyroclastlc origin. This view is illustrated 
in Plate XX, A. 

Winchell's views were not borne out by the writer's investi- 
gations. It seems clear that there is no unconformity between 
the two types of conglomerate on St. Louis River. The pebble 
cf pyritiferous conglomerate found in the upper conglomerate, 
mav well have been derived from some other similar formation. 
Furthermore, no evidence of contemporaneous volcanic erup- 
tions was discovered in the Amnicon beds of St. Louis River 
and Mission Creek. These sediments do not differ essentially 
in character from the other parts of the Oronto group. It would 
therefore appear probable that the pyritiferous conglomerate 
found in the drill hole is not the same as that on the river, 
but is a part of the Middle Keweenawan trap series with which 
it is interbedded. The scarcity of coarse trap debris, especially 
of the gabbro, in the conglomerates of St. Louis River, suggests 
that faulting since the formation of the sediments has brought 
the traps into their present position, .so that they rise 500 feet 
or more above the river level. 



1 Wlnchen, N. H., Geol. of Minn., vol. IV, 1899, p. 15. 

2 Hall, C. W.. Keweenawan Area of E. Minn., Bull. Geol. Soc. of 
America, vol. 12, 1901, p. 342. 



iP|i-! 

rssSJM 



sga^gs 



B5? -E 

til 



1*3 Sj 
1 5-1 a! 

II; If 

i'% si 

1=1 1! 




COyTACT WITH TRAPS, 87 

Still another explanation of the ambiguous record of the 
Short Line Park drill hole is, that all the strata above No. 15 
are sediments, the drillings from coarse conglomerates having 
been mistaken for traps by Winchell. The large amount of 
fragmental material noted in his descriptions of the drillings, 
supports this view. Moreover, a resident of the vicinity who 
watehed the drilling informed the writer that a daily progress 
of 10 to 12 feet, presumably in a single shift, was maintained 
with the use of 1,500-poimd tools. Such a rate would favor the 
view that little or no solid trap was penetrated. If this view 
(see Plate XX, B) is correct, there may not be any fault be- 
tween the drill hole and the gabbro bluffs, the conglomerates 
having been deposited at the base of the trap hills. The scar- 
city pf gabbro pebbles in the drill hole, however, strongly in- 
dicates that a fault occurs between the drill hole and the bluff. 
Such an hypothesis best explains the present relation of the 
gabbro in the bluffs to the north, and the sediments found In the 
drilling. 

Oontact with the Slates. The contact of the Amnicon form- 
ation with the Thomson slate, on St. Louis Kiver, demonstrates 
a progressive overlap. As shown in section A-B, on the gen- 
eral map, the traps must thin out and be overlapped in the space 
between the Douglas Range and this point. The same phenome- 
non must also occur in the short distance between Mission Creek 
and the Short Line Park bluflfs (see p. 84). 

As noted in the last chapter (p. 72 , we find between the trap 
conglomerates on St. Louis River and the underlying slate a 
pyritiferous quartz and slate pebble conglomerate, which is 
clearly part of the Amnicon formation. The surface of the slate 
is rough, several small knobs showing through the conglomerate 
(see Plate XV, p. 70). 
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CHAPTER VII 



THE STRUCTURE OF THE WISCONSIN 
COAST OF LAKE SUPERIOR 



Qeneral Statement. The basin of Lake Superior is a broad 
and flat synclinorium. Toward the west end of the lake, this 
structural trough turns inland up Chequamegon Bay, and thence 
crosses Wisconsin in a great curve to the St. Croix valley* and 
into Minnesota (see p. 60). The southward-dipping Douglas or 
South Trap range divides it from the far we^ern end of the 
lake, which is bounded on the north by the south-dipping traps 
of the Minnesota or North range. 

The Bayfield and Oronto sandstone groups occupy the narrow 
strip between the north escarpment of the faulted Douglas 
Bange and the lake, lapping across the course of the traps in the 
promontory of the Bayfield Peninsula and the Apostle Islands, 
and extending into the basin of the main syncline to the east. 
On the south shore the sandstones have a low southeasterly dip, 
a continuation of the inclination of the traps of the north coast, 
passing to the southeast into a series of broad open folds which 
occupy the bottom of the synclinorium. The major structural 
features of the region are the Douglas Fault, the North Coast 



1 Irving, R. D.. Geol. of Wis., 1873-9, vol. Ill, p. 1. 

Copper-Bearing Rooks. U. S. G. S. Men. V, p. 410, with struc- 
ture map and natural scale sections. 

Hall, C. W., Keweenawan Area of E. Minn., Bull. Geol. Soc. of Amer- 
ica, vol. 12, 1901. p. 313. 

Grout, F. F., Contribution to the Petrology of the Keweenawan. 
Jour. Geol., vol. XVIII, 1910, p. 633. 
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Fault, and the folds within the Lake Superior synelinorium 
«outh of Ashland. 

Douglas Fault. The exposures of the great fault along the 
northern edge of the Douglas or South Range have been de- 
ficribed in detail in the last chapter — the conclusion being there 
reached that the displacement is in large part later than the 
deposition of the sandstones, although movement may have 
taken place before or during their formation. The fault plane 
dips tQ the south at angles varying from 38° to about 60"*, 
and the south side is raised relatively to the north side, this 
fact showing it to be a thrust fault. Its origin is a broken anti- 
cline, as shown by the overturned fold of sandstone thrown up at 
one locality, and apparently it is allied in point of age with the 
period of Keweenawan folding. The displacement on this fault 
must be enormous, over three thousand feet being known at one 
locality. This can only be a fraction of the total, which must be 
equivalent to the sum of the thickness of the traps above the hori- 
zon at which the fault occurs and of the sandstones. The former 
rocks were estimated by Sweet^ to be at least 36,000 feet thick, 
above the lowest horizon faulted up, provided that unknown faults 
have not duplicated the exposures. It seems probable that from 
4,000 to possibly 15,000 feet of sediments overlie the traps (see 
structure sections on general map) in the vicinity of Superior. 
Since the displacement along the fault plane is greater than the 
stratigraphic thickness between the horizons on each side of the 
fault, a throw of from six to twelve miles is estimated. This 
figure is truly enormous, but is no greater than the absolutely 
proven displacements of many thrust faults. The shortening 
represented by the folds between Madeline Inland and the Peno- 
kee Range is computed from structure sections E-F and J-K 
to be at least five miles, agreeing closely with the lower estimate 
given for the fault. 

In its course (see general map in pocket), the fault does not 
exactly follow the northeast strike of the traps and sandstones, 
but turns in a zigzag line in a general E-NE direction, thus 
cutting across the strike of both series. Following it to the 
southwest, the fault thus progressively brings older sandstones 
in contact with younger traps. 



1 Sweet, E. T., Geol. of Wis., 1873-9, vol. Ill, p. 338. 
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The Douglas fault does not pass through the Apostle Islands, 
but appears to die out into a fold which in turn becomes gentler 
and finally flattens out beneath the drift-covered area of the 
Bayfield ridge. The dying out of the fault is to be correlated 
with the northeastward pitch of the minor folds (see p. 92), and 
the general broadening of the synclinoriura in northern Ash- 
land County. The compressive stress which to the west was re- 
lieved by the thrust fault, was there relieved by folding. It Is 
very probable that this dying out is accompanied by. normal 
faulting perpendicular to the strike. Such dip faults are known 
to occur at some of the angles in the course of the thrust fault 
(see p. 81). As indicated by the topography, the fault appears 
to follow a nearly straight line from where the trap outcrops 
on Iron River, to the southwest, where the Trap Bange beconied 
ill defined; and finally, in the vicinity of Maple, in Douglas 
County, is entirely buried beneath the Pleistocene deposits. 
Where exposed on Middle River, the fault has a strike of N. 65** 
W., thus showing that there is a reentrant in its course beneath 
this unexposed gap. In this reentrant is found the great over- 
turned fold of Middle River Csee p. 66). This fold is apparently 
a local feature associated with the change in direction, but un- 
fortunately the exposures on Poplar River are not sufficient to 
allow its eastern extension to be examined. Cross faulting may 
also occur. 

Plate XIII, p. 66, represents the structure of the rocks exposed 
on IMiddle River, to the north of the fault ; its general features 
have already been explained. Jointing in the sandstone is 
best developed along near'y horizontal planes (Plate XXI 
rppcsite). In some cases these show faulting, the upper blocks 
having moved a few inches to the north. The actual junction 
with the trap is not exposed, but is associated with no marked 
breaking or crushing of the sandstone. The trap is, however, 
considerably brecciated. The thickness of strata of sandstone 
involved in the fold shows that there has been at least 3,000 
feet of movement on the fault at this point. 

Between Middle and Amnicon Rivers, the fault takes a course 
nearly due west. Just at the crossing of the latter stream it 
resumes a southwesterly direction. This exposure is described 
in detail on pp. 77-79. It would appear that the confused fault- 
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ing along planes essentially parallel to the main displacement, 
is due to this change in direction. Because of this, the stria- 
tions seen on the sandstone (see p. 78) have little weight in dis- 
closing the history of the displacement. 

Southwest of Amnicon River, the fault follows the more or 
less marked escarpment of the trap range, to where it crosses 
Black River. The only good exposure of this portion, on Cop- 
per Creek, shows that the plane of movement dips about 60'' 
to the southeast. The sandstone is sharply flexed and sheared 
for less than 50 feet from the junction. 

Another reentrant occurs at the falls of Black River (Plate 
XIX, p. 80). This is marked by normal dip-faulting, as well as 
by faulting in the sandstone, parallel to the main plane of dis- 
placement, which is seen to dip about 50° to the south. The 
trap is intensely breeciated. A small normal fault of E-W 
strike is found in the sandstone still farther to the north. 

West of Black River, only slight bends interrupt the south- 
westerly course of the fault. The only known exposure in Wis- 
consin (see p. 81) shows a sharp flexure of the sandstone and 
considerable brecciation of* both formations. 

Tn Minnesota, Ilair has shown that the great fault extends 
far to the southwest, nearly to St. Paul, but its age has not been 
satisfactorily determined. 

North Coast FauH. For various reasons, the evidence being 
mainly physiographic, it has long been thought that the abrupt 
descent from the nearly level uplands of Minnesota to the deep- 
est part of Lake Superior was marked by a fault.^ Moreover, at 
Superior, deep wells show a considerable thickness of shale, 
across the river from the high trap hills. The dip of the for- 
mations here is not known, however, so that it might readily be 
steep enough to carry the sediments over the traps. 

St. Louis River. On St. Louis River therp is observable a 
dip of 6" to 10° to the southeast, together with a complex system 
of normal faults (see Plate XV, p. 70). These faults are un- 



1 HaU, C. W., Keweenawan of Eastern Minnesota, Bull. Geol. Soc. of 
America, vol. 12, 1901. p. 313. 

2 Martin, L., The Geology of the Lake Superior Region. Mon. U. S. 
Geol. Survey, vol. LII, p. 112. 
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usually well exposed (see Plate XXIII, B, p. 94), si that the ex- 
act plane of movement can usually be observed. This varies in 
dip from vertical to about 60° toward the downthrow side. This 
displacement varies from a few inches up to about 40 feet ; the 
fault shown in Plate XXIII, B, has a throw of about 14 feet. The 
strike of most of the faults averages alx>ut N. 35° W., but a few 
have a nearly E-W direction. Occasionally, slickensides occur; 
these indicate more or less of a horizontal component to the mo- 
tion. As already mentioned (p. 87), it appears necessary to as- 
sume the existence of a fault between the sandstones of ^Mission 
Creek and the trap bluffs at Short Line Park ; but the drill record 
(see p. 85) near the latter locality is so ambiguous as to afford 
small help in locating the displacement. 

Folds Near Ashland. Beneath the eavstern plain southeast 
of Ashland, occur the most interesting structural features of the 
district. Unfortunately, however, few outcrops exist, so that 
much of the structure remains obscure. But sufficient evidence 
has been discovered to show that we have to deal with the south 
half of an asymetric synclinorium, in which the southward dips 
are comparatively gentle while the northerly dips are steep. 
The southern side of the synclinorium carries more minor folds 
than the northern (see structure sections on large map). These 
minor folds appear to pitch to the east and northeast. 

The strata of the Apostle Islands represent the gently-dip- 
ping north limb of the great depression, while the faulted anti- 
cline of the Douglas trap range is a subordinate eastward-pitch- 
ing fold on this limb. If the map were continued farther south, 
we should find (see Atlas Plate XXII, Geology of Wisconsin, . 
1873-79) that as the axis of this great Lake Superior synclin- 
orium passes inland near Chequamegon Bay, it suffers a rather 
sudden bend from its nprtheast-soutbwest direction to a course 
slightly north of west. Farther to the west, however, as shown 
on the map by the line indicating the probable course of the 
synclinal axis, it resumes its usual southwesterly direction. 

In the vicinity of Oronto Bay are good exposures of the 
southern limb of the main fold. Here the strike averages N. 53' 
E. with a northwesterly dip of 45° to 90°, the average being 
about 65°. ]Minor undulations are not common, nor are joints 
especially numerous (see table on p. 96). Small dip faults 
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occur in places, with striae showing that the movement has been 
mainly horizontal; the displacements are apparently not over 
45 feet. Slickensides also occur on some of the beds, while 
inclined fractures dipping toward the northwest combine to 
give an impression that there has been strike faulting with the 
down-throw towards the lake. Inclined fractures striking par- 
allel to the dip also occur, but the details were not worked out. 

Northwest of Oronto Bay, the first minor fold of the synclinor- 
ium has its crest at the apex of Clinton Point. This locality is 
figured in detail in Plate IX, p. 54. The beds which dip to the 
southeast are submerged, hence are only visible when the water 
is clear and calm, and then are seen at their best from the top 
of the bank. Most of the exposures to the west are almost 
aswash, so that it is not surprising that former visitors have 
misinterpreted the structure (see p. 15). The inland continu- 
ation of the fold is unknown, the deep well at Birch not havings 
struck rock at a depth of 300 feet; but apparently the anti- 
cline merges into the south limb of the main fold, as shown on 
the map. 

Close to the north side of the anticline, runs the axis of a 
syncline, which must lie between it and the southeasterly-dip- 
ping rocks on Bad and White rivers. At the former locality 
the dip varies from 27° to 55° to the southeast with a strike 
of about N. 50° E ; at the other, the strike is about the same, with 
a dip averaging about 25°. The rocks have not been greatly 
affected by the folding. Joints are not abundant^ and most of 
them follow the strike (see table). 

Passing again to the northwest, the next known exposures are 
those on the South Fork of Fish Creek, near Ashland. Here 
the strike averages N. 85° W., corresponding to that of the 
rocks of the south limb of the s>melinorium farther to the south, 
while the dip is northerly at angles varying from 70° to 90°, 
the inclination lessening towards the north (see Plates VIII, 
p. 52, XI a, p. 62, XI b, p. 64, XI c, p. 64). There is no repeti- 
tion of beds by close folding. Horizontal or slightly inclined 
joints are most common. On some of these there has been dif- 
ferential movement, so that the upper side has moved north. 
The maximum displacement noted was about four feet. A small 
thrust fault, dipping 20° S., was observed, but there was no evi- 
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denee of a displacement of more than 15 to 20 feet (see Plate 
XI c, A, p. 62 j. The strike of the fault is the same as that of 
the heds. 

Between the north-dipping rocks of Fish Creek and the ex- 
posures on White River, five miles to the southeast, there must 
exist an anticline which may possibly be faulted like that of the 
Douglas Range. It is difficult to decide on which side of the 
-center of the synclinorium this axis lies; but the evidence ap- 
pears to favor the view shown on the map — ^that it is on the 
southern side, merging with the main south limb near the bend 
to the southwest. On account of the absolute lack of exposures 
west and northwest of Fish Creek, the distribution of the forma- 
tions shown on the map is mainly hypothetical. 

Structure of the Bajrfield Group. The strata of the Bay- 
field group are in general but slightly inclined. The dip varies 
from nothing up to a maximum of about 5 degrees, except where 
the strata have been aflPected by the Douglas fault, and towards 
the edges of the synclinorium, on Fish Creek and St. Louis 
River, where greater dips are found. In spite of the fact that 
this dip is higher than the average for the flat-lying rocks in 
southern Wisconsin, joints are not as abundant as in the latter 
region. In most cases the fractures are irregular and often end 
at bedding planes (see Plate IV, B, p. 30). For the most part, 
only well-defined fractures were measured by the writer, since 
the minor ones are often curved or run in such a variety of direc- 
tions that measurements are meaningless. 

The accompanying table and diagram show that the best de- 
veloped joints approximate an E-W direction; next in impor- 
tance follow those which strike a little east of north, while north- 
west and northeast joints are occasionally noted. It will be seen 
that there Is little relation to tlie direction of the strike and dip 
of the bedding, or to the main lineaments of the country. Many 
of the E-W joints are inclined, usually at a steep angle to the 

north. 

Occasionally, beds are found that are much more fractured 
than those above or below. An instance of this is found near 
the northeast corner of Oak Island, where a shaley bed a few 
feet in thickness is cut into small slabs and sometimes long sliv- 
ers, by a set of X-S and E-W joints. On Point Detour, Poplar 
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River, and North Twin Island occur other sheared layers of 
sandstone. The fragments are usually subangular and consist 
of the adjacent sandstone, but they are always ranch weathered. 
They much resemble conglomerate on the weathered surface, 
but lack a decisively sedimentary character; while the layers 
often pinch out or run into irregularly broken rock. Presum- 
ably these phenomena are due to shearing and in part to con- 
cretions of iron (cf. p. 31). 

Age of the Deformation. There is no direct means of de- 
termining the age of the deformation of the sandstone groups. 
It w'ill be pointed out, however (see p. 101, in the consideration 
of their origin, that it is quite probable that earth movements 
went on simultaneously with the deposition of sediments of the 
Oronto group. It is also probable that the movements which 
formed the Douglas fault, continued throughout the period of 
deposition of the Bayfield group, for there has been a great 
amount of displacement since its beds were hardened. The 
Orienta sandstone, a member of the Bayfield group, is involved 
in the general regional folding in the vicinity of Ashland. 
In many places it would appear from the lack of secondary 
structures due to folding (see p. 92), that the deformation took 
place before the rocks were entirely indurated. This supposi- 
tion agrees with the scarcity of joints throughout most of the 
area. Many faults, although formed after hardening, are now 
entirely recemented, while secondary fractures unrelated to 
folding are quite common. There is, however, no evidence of' 
any marked deformation since that which produced the folds 
and faults. This deformation appears to have continued 
throughout all of the Keweenawan period. 

Origin of West End of Lake Superior. The main body of 
Lake Superior occupies a great structural as well as topographic 
depression. It would appear probable that the deformation of 
the rocks took place mainly during and shortly after the Ke- 
weenawan period, and that the present depth of the topographic 
basin, slight compared with its width, is due to subsequent ero- 
sion (by what agency is unimportant for this discussion) of the 
relatively soft Tipper Kew^eenawan sediments that occupied its 
center. Turning to the western portion of the lake, especially 
westward of the Apostle Islands, there is found little evidence 
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of a structural origin of the present topography, although the 
rock fractures of the Oronto Bay region do indicate a depression 
of the lake bed since the completion of the folding. Indeed, the 
lake does not extend so far up the main syncline south of the 
Bayfield Peninsula as it does north of the Douglas Range toward 
Superior. On the south side of this great western extension 
of the lake, we find no vestige of a structural origin, for the 
sandstone universally dips away from the lake.^ (See stmctuTBi 
sections on general map, in pocket.) 

The explanation must lie in differential erosion. We can 
clearly discern that the Bayfield Peninsula must owe its origin 
primarily to different causes than the trap ridge of Keweenaw 
Point, which it resembles in outline. It may be supposed that 
the influence of the soft shales of the Amnicon formation is 
responsible for the development of the Superior-Duluth arm of 
Lake Superior. A study of the depth of the water shows that 
the deeper part, which is not over 900 feet, is confined to the 
neighborhood of the north coast, where this formation is be- 
lieved to outcrop (see p. 73). At Superior, well records show 
that this ancient valley lies upon the shales next to the foot of 
the Minnesota trap range. It is known to have been eroded at 
this point to a depth of over 500 feet below the present lake 
level. In the case of the Chequamegon Bay region, the struc- 
ture was more complex, so that beds of varying hardness and at- 
titude were exposed by erosion. Buried valleys, almost as deep 
as those at Superior, are known from the records of wells south 
of Mason and in Ashland County.^ 

The Bayfield Peninsula, then, is a ridge of flat-lying, com- 
paratively resistant sandstone, left as an erosion remnant be- 
tween two areas mainly composed of shales and soft arkose. The 
outline of the islands is approximately that of the pre-glacial 
hills into which this ridge was cut. Some of the ancient valleys 
between them (as east of Outer Island) appear to have es- 
caped filling by the glaciers which deposited the huge interlo- 



1 Owen correctly observed this feature. Geo!. Surrey of Wis., etc., 
p. 270. 

2 These records and many others are on file in the office of this Sur- 
vey. 
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bate moraine upon this dividing ridge, thus giving to it its pres- 
ent height. That the erosion of this part of the Lake Superior 
basin was the work of streams, rather than of ice, therefore ap- 
pears most probable. 
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CHAPTER VIII 



CONCLUSIONS 



General Statement. No fossils have been, or seem likely to 
be, discovered in either the Bayfield or Oronto groups of sedi- 
ments, by means of which they may be assigned to a definite geo- 
logic period. They must therefore be correlated on the basis of 
lithologic characters, origin, and general stratigraphic and phy- 
siographic relations. 

Summary of Lithologic Characters. The sandstones and 
shales of the Wisconsin coast of Lake Superior comprise an 
enormous thickness of sediments, amounting possibly to nearly 
25,000 feet. In composition they show a progressive change, 
with but minor alternations, from sediments composed of poorly 
assorted and almost unaltered fragments of igneous rocks, to 
dominantly siliceous sandstone, which represents a marked de- 
gree of weathering and assortment of the original material. 

The greater part of the lower, or Oronto group, may be 
placed in the first class. It is composed of debris of igneous 
rocks which usually was but poorly assorted, and little weath- 
ered or worn before deposition. In the Bayfield group, the forces 
of decomposition and sorting had greater effect, so that a much 
greater proportion of more resistant minerals are found. The 
dominant source of the sediments, moreover, had changed. The 
material of the older group was mainly, although not wholly, 
derived from the Middle Keweenawan traps, while the siliceous 
sands and orthoclase feldspars of the Bajrfield group represent 
the debris of older sediments, granites, gneisses, and schist?. 
Both groups differ from the older sedimentary series of the 
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Lake Superior region in containing, so far as known, neither 
iron formation nor distinct pyroclastic material. 
Comparison with Sandstones of Southern Wisconsin. The 

differences of the rocks of the Oronto group from the sand- 
stones of southern Wisconsin are clearly apparent. The Bay- 
field group, although in some horizons much like the southern 
rocks, differs in many important respects. Its color is usually 
some shade of red; while the southern sandstones, where they 
contain iron, are prevailingly yellowish. The dominant cement 
of the latter rocks is calcium carbonate, and this is almost en- 
tirely absent in the Bayfield group, its place being taken by 
silica and iron oxide. The sand grains are almost universally 
miieh less rounded, and the secondary enlargements are verj'' ir- 
regular. Nevertheless they are more indurated. Much more 
feldspar, mica, magnetite, and other minerals derived from 
rather basic rocks are found. Clay pockets, and pebbly bed- 
ding planes, as well as irregular and curved bedding, are char- 
acteristic of the northern sandstones. But little clay shale, or 
clean quartz sandstone, and no fossils, occur in these rocks. All 
these facts point to different conditions of origin, as well as a 
'somewhat different source of material, from that of the sand- 
stones of the southern part of the state. 

. Origin of the Sandstones. The facts bearing on the con- 
ditions of origin of the Oronto group are numerous and almost 
indisputable. That it is a non-marine deposit is disclosed by 
mud-cracks, abundant ripple marks (often of the type pro- 
duced by currents), rain prints, angular sand grains, poor as- 
sortment, absence of fossils, and by channels in shale beds filled 
with sandstone. All of these are features characteristic of stream 
deposits, laid down by shifting and variable currents of water, 
probably, but not necessarily, under desert conditions. The flat 
clay pockets are believed to be associated with the mud-cracks, 
being dried films of clay broken up and then buried in the sands. 
Another feature of fluviatile deposition is the abundant and ir- 
regular cross-bedding, dipping in various directions. The exact 
origin of the light-colored spots, so conspicuous in many locali- 
ties, is unknown; until this is determined by chemical work, 
little can be concluded from the color of the rocks. They may 
be due to particles of either organic matter or iron pyrite. The 
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*pYevailiiig red color is generally believed to represent aridity at 
the time of deposition. Taken in connection with the absence of 
fossils^ it certainly does denote a scarcity of Uf e, the remains of 
which would have bleached the ferric oxide ; but as iron was so 
abundant in the traps from whose debris the sediments were 
built up, this conclusion is rendered doubtful. Apparently, con- 
ditions were favorable to the oxidation, but not to the chemical 
concentration of iron, the magnetite beds being the result of 
purely mechanical processes. Likewise conditions were unfavor- 
able for the chemical concentration of copper derived from the 
traps. The salty water often found in the rocks of the Oronto 
group is without significance, since both marine and non-marine 
sediments are salty. 

Passing to the overlying Bayfield group, we again find nearly 
all of the features of terrestrial deposits mentioned above. Nat- 
urally mud cracks are not as common as in the more shaley 
rocks of the older group, but are occasionally found at almost 
all horizons. The flat clay pockets and eroded channels are 
abundant, but the latter differ in being often cut in sandstone 
and filled with shaley rock. Rain pfints were not noted. No 
distinct evidences of wind action were discovered, although it 
is possible that some of the peculiar cross-bedding may be of 
dune origin. The angular character of the sand grains, how- 
ever, does not favor such an hypothesis. Neither can any defi- 
nite conclusion be drawn from the ferric oxide which gives the 
predominant color. It has been so thoroughly redistributed by 
the action of ground water that its original state is a matter of 
doubt. All that can be said is, that most probably it was origin- 
ally confined to the finer grained beds. The irregularly scattered 
pebbles — concentrated only on bedding planes, and never 
forming beds of any thickness — are also believed to favor the 
hypothesis of fluviatile origin. No deposits like those at the 
foot of sea cliffs are found along the Douglas fault, although 
movement probably took place during the deposition of the sand- 
stone. 

Age of the Bajrfield Group. The age of the Bayfield group 
cannot be definitely stated, as it could were fossils present. It 
must be correlated by the same methods that are used with the 
other non-fassiliferous series of the Lake Superior region. In 
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the past it has been considered to be of Cambrian age: first, 
because of the supposed striking difference in degree of folding 
from the recognized Upper Keweenawan sediments (Oronto 
group) ; and second, because of its likeness to the eastern Lake 
Superior (Jacobsville) sandstone of Michigan, which is be- 
lieved to be Cambrian. In later years the probable areal con- 
nection of the Bayfield group with the red clastic series of south- 
eastern Minnesota has been appealed to in order to prove the 
Cambrian age of the entire Keweenawan series. The possibilities 
are, then : 

1. The Bayfield group may be unconformable upon the Or- 
onto group, and be conformable with the Potsdam of the Miss- 
issippi valley. It may be either the same thing as the southern 
sandstone, or its conformable downward extension. 

2. The Bayfield group may be unconformable upon the Or- 
onto group, and be unconformable below the recognized Cam- 
brian. It would then belong to an unknown and unrecognized 
period. 

3. The Bayfield group may be conformable upon the Oronto 
group, and conformable with the known Cambrian. This would 
involve the assumption that the period (jf Keweenawan defor- 
mation and terrestrial deposition continued until the advancing 
Cambrian sea reached the Lake Superior basin, so that the two 
types of deposition merged into one another. 

4. The Bayfield group may be conformable upon the Oronto 
group, and unconformable below the Cambrian. The time rela- 
tions to the Cambrian could not then be ascertained. 

The writer has sought to demonstrate in the foregoing chapters 
that there is no reason to believe in the existence of an unconform- 
ity between the Oronto and Bayfield groups. Both are a part 
of the Tipper Keweenawan, none of the sedimentary rocks of 
which display much more metamorphism than do the Paleozoics 
to the south. The Bayfield group has moreover been shown to 
be horizontal, merely on account of its position in the center of 
the Lake Superior synclinorium. Locally it is involved in the 
more pronounced Keweenawan folds and faults, thus contrast- 
ing sharply with the relatively undisturbed Cambrian rocks of 
southern Wisconsin. 
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It seems highly probable that the red clastic series which fills 
the continuation of the Lake Superior syncline beneath the Pale- 
ozoic rocks of Minnesota, is the equivalent of patt or all of the 
Upper Keweenawan rocks of Lake Superior ; although they may 
now possess no areal connection with them, either by way of the 
main syncline or by way of the strip of sandstone adjacent to 
the Douglas fault, west of Lake Superior. The known thick- 
ness of these red sediments in Minnesota is much less than that 
of the equivalent rocks in the Chequamegon Bay region, so that 
it may be that they represent only a portion of the series. 

The areal connection of the Bayfield group with the lighter 
colored quartz sandstones of the Kettle River region appears 
highly probable. But the age of these rocks is unknown, since 
they too are barren of fossils and are separated by a fault from 
the traps which intervene between them and the known Cam- 
brian of the St. Croix valley, and are separated by a drift-cov- 
ered interval from all other strata of known age. A connection 
with the red clastic series, is, nevertheless, possible. 

It therefore appears that the Bayfield group is much more 
closely allied to the Upper Keweenawan than to the Cambrian. 
Nevertheless, we musj recognize the possibility that it may have 
been deposited in an inland basin, in part at least contempor- 
aneously with the lower parts of the Cambrian series, and may 
later have merged into the marine strata when the advancing 
sea entered the Lake Superior basin. The slight degree of meta- 
niorphis?n exhibited by the Keweenawan sediments as compared 

with that of the older rocks of the region, supports this view. 
However, the overlapping of the upper Cambrian strata over 
the red sandstones in southeastern Minnesota appears very much 
like an unconformity. Such a discordance could naturally not 
be recognized in the chum drill records which form the only 
source of information regarding these deeply-buried rocks. 

The equivalence of the Bayfield group with the Jacobsville 
sandf^tone (** Eastern sandstone'') of Michigan cannot be proved 
on account of the lack of areal connection, but the litholopc 
likeness is complete. The Jacobsville is believed by Lane and 
Seaman of the Michigan Survey to be conformable beneath the 
light-colored sandstones (Munising) of known Cambrian age 
(see p. 16). The two areas of sandstones are separated by a 
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wide area of older rocks and may well be of widely different 
ages. 'Therefore none of the reaults of this study should be 
applied to the question of the relative ages of the Michigan 
formations. 

The question of the relation of the Keweenawan to the Cam- 
brian cannot be here entered upon.^ It is sufficient to say that 
so far as Wisconsin is concerned, there is no reason for separat- 
ing the Bayfield group from the Oronto group, the upward con- 
tinuation of which it undoubtedly is. Therefore, the Bayfield 
group, according to all observations we could make, is of Upper 
Keweenawan age. 

Sommary of Oeologic Histoi^. The Huronian formations 
of the western end of Lake Superior were brought substantially 
to their present condition before the deposition of the earliest 
Keweenawan sediments. Their sandstones had become indurat- 
ed to quartzites, their shales largely metamorphosed to slates, 
while the iron formations had been greatly weathered. In Wis- 
consin, however, much of the deformation appears to belong to 
the same period as that of the Keweenawan.^ 

The first Keweenawan sediments were quartzose sandstone and 
conglomerate, derived from the erosion of these older rocks. 
After a slight thickness of this had accumulated, volcanic ac- 
tivity commenced. Lavas of varying types were poured out 
until a thickness of many thousands of feet had been built up 
in the structural basin now occupied by Lake Superior. Most 
of these flows were of basic composition, and none show the 
characteristics of submarine deposition. Interbedded with the 
igneous rocks are layers of conglomerate and sandstone, derived 
from the erosion of adjacent flows. These are mainly composed 
of debris from acid rocks, since those probably formed greater 
elevations than the more fluid basic varieties. In the latter part 
of the eruptive period, enormous masses of gabbro were in- 
truded into the surface flows. 

During the deposition of these Keweenawan igneous rocks, 
folding and faulting went on. In the pebbles of the Outer Con- 



1 For a fuller discussion see Van Hise, C. R., and Lelth, C. K., Geol- 
ogy of the Lake Superior Region, Men. U. S. G. S., vol. LII, 1911, pp. 
378-415. 

2 A full statement of these facts will he found in Ihid., p. 366. 
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glomerate, just above the highest flow of the series, are found 
representatives of all the older rocks, including tibe deep-seated 
intrusives. This plainly indicates that tilting and erosion pro- 
ceeded sim'ultaneously with deposition in the lower parts of the 
great structural basin. Although the lowermost Keweenawan 
rocks now exposed were thus not subjected to the weight of all 
the strata stratigraphically above them, there is no reason to 
doubt that an enormous thickness was laid down in the middle 
of the Lake Superior synclinorium. 

Oronto Group. Following the deposition of the lava flows, 
the volcanic activity ceased and sedimentary rocks alone were 
formed. These rocks, like those interbedded with the traps, M^ere 
laid down by the streams that eroded the upturning edges of 
the great basin, and deposited their load upon the floor of the 
depression in order of the coarseness of the particles. The same 
process may now be seen going on in the enclosed basins of 
modem mountains. Whether or not standing water occupied 
any of the syncline, or the sea entered, is unknowti ; for it should 
be recognized that the only rocks now visible are those that 
were deposited near the edges. 

A comparison with modern alluvial fans, shows that the grade 
of the depositing streams probably decreased as they left the 
mountains. Near the foot of the surrounding elevations, con- 
glomerate was deposited where the streams just began to spread 
out and deposit the coarsest portion of their load. Farther out, 
the gradient lessened still more, and sands and clays were de- 
posited on a slope of probably less than a hundred feet per 
mile. Floods and shifting of channels, however, mixed the var- 
ious kinds of material, giving us such sharp changes as between 
mud and gravel. When the deposits were not covered by water, 
mud cracks developed and hardened sufficiently to be preserved 
under the next layer of sediment, which may often have been 
blown over them by the wind — although there is no recognizable 
evidence that any large dunes existed. At other times the shift- 
ing streams formed temporary lakes, in which ripple marks were 
formed by the waves, although many such marks appear to have 
been formed by currents. Again, changes in the currents eroded 
troughs in previously-deposited sediments. These were later 
filled, often with somewhat coarser material than that below. 
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We must, therefore, recognize that deposits of varying litho- 
logie character were formed simultaneously, so that such forma- 
tions represent not periods of deposition of different materials 
but the shifting of the zones of deposition, due to the filling up 
of the basin. The material of the higher beds was progressively 
more and more weathered, a fact to be correlated not only with 
this process of shifting zones, in which the material deposited 
farthest from its source was better weathered, but also with a 
very probable lessening in the rate of erosion and transporta- 
tion, and possibly with increase of vegetation on the uplands — 
both factors favoring chemical decomposition. 

Further, it appears quite probable that as time went on, the 
soft basic traps were eroded to low levels and covered more and 
more by the spreading sediments. Thus the older sediments, 
granites, and other more siliceous rocks furnished a relatively 
greater portion of the material brought down by the streams. It 
will further be seen that the sediments thus overlapped uncon- 
formably upon the previously-eroded lower slopes of the trap 
mountains, so that although no exposure of such a contact is 
known, one may yet be found ; but this would not prove that the 
sandstone was much younger than the trap.^ As the Douglas 
fault is structurally a part of the general Keweenawan deforma- 
tion, it is entirely probable that along it more or less movement 
may have taken place throughout the time of deposition of the 
sediments. 

Bayfield Group. No stratigraphic or sharp lithologic break 
occurs between the Oronto and Bayfield groups of sandstones, 
so that no cessation of deposition or radical change in conditions 
could have occurred. The further extension of the processes out- 
lined above, brought about the change from little- weathered felds- 
pathic sands and clays to fairly-clean quartz sands with very 
little clay. The greater abundance of acid trap and quartzite 
pebbles shows that as time went on those rocks furnished more 
and more material. The red coloration and peculiar bedding. 



1 It appears probable that the red clastic series of Southeastern Minn- 
esota overlaps the traps of the center of the basin upon the granitic 
rocks of both sides of the basin, and gradually thins out between 
them and the overlying Paleozoics. 
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trouglus, and so forth, are all found in the Bayfield group, thus 
indicating conditions of deposition similar to those which pre- 
viously prevailed. It is unwise, however, witb. the present im- 
perfect knowledge of the interpretation of different types of 
bedding, to attempt to state what parts of the formations are 
fluviatile and what subaqueous. There is little evidence that any 
is strictly aeolian. There is a strong probability, however, that 
the Devils Island sandstone differed in manner of deposition 
ivom the beds above and below. The prevailing dip of the cross- 
bedding indicates a northern source for the material, while the 
lighter color and abundant ripple marks may be indicative of 
a sul)aqueous origin. There is insufficient coarse and unweathered 
sediment in the neighborhood of the Douglas fault to render 
it certain that there was any considerable movement on that dis- 
placement, with the necessarily consequent rapid erosion, during 
the period of the deposition of the Bayfield group. However, as 
deformation continued, so that there has been over 3,000 feet of 
movement since that time, it is not impossible that faulting took 
place at intervals. The date of the latest movement cannot be 
ascertained; but as the lower part of the Bayfield group was 
involved in tlie Keweenawan folds, it is evident that the deforma- 
tion continued at least to that time. 

As no formations older than the Pleistocene overlie the Bay- 
field group in Wisconsin, we cannot ascertain how long sedi- 
mentation continued. Presumably the entire Lake Superior basin 
was filled up, thus checking the erosion of the surrounding high- 
lands. Whether or not the deposition of the Bayfield group 
merged into the Cambrian, when the sea invaded the continent, is 
unknown. The entire Ijake Superior region was doubtless cov- 
ered by Paleozoic sediments, which have since been almost wholly 
worn away. It may thus be seen that the basin of the present 
lake, as distinct from the structural basin of the Keweenawan 
rocks, does not differ essentially in origin from the basins of the 
ether Groat Lakes (see p. 95). 

Summary of Conclusions. The Bayfield group of sand- 
stones is conformable upon the recognized Upp^ Keweenawan 
sediments, and is therefore a part of that series. 

The contact of the Bayfield group with the IMiddle Keweena- 
wan traps is along a thrust fault, on which great movement has 
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taken place since the deposition of the sandstones. It is prob- 
able, however, that as this fault is to be correlated with fold- 
ing in which the Bayfield group participated, that some move- 
ment took place during its deposition ; but that such unconform- 
ity if it exists, does not represent any considerable lapse of 
time. 

Folding and probably faulting went on contemporaneously 
with the deposition of both the Oronto and Bayfield groups. 
The sediments accumulated in the sinking middle portion of the 
great Lake Superior syncline, while the edges were being rela- 
tively upraised and eroded. As the sediments accumulated, they 
overlapped unconformably upon the feet of the surrounding 
elevations. Such unconformable contacts have been largely 
eroded away, but may yet be found. The relation of the sand- 
stones to the traps at Duluth may be of this character, but is 
probably complicated by faulting. 

Both the Oronto and Bayfield groups of sediments are largely 
if not wholly of non-marine origin, having been laid down by 
streams in an enclosed basin, not necessarily, although very 
likely, under desert conditions and probably in part under 
standing water. The climatic conditions were favorable to the 
oxidation of iron, a fact denoting a scarcity of vegetation. 

The age of the Bayfield group cannot be determined without 
determining the relation to the Cambrian of the Mississippi 
valley, with which no areal connection is definitely known. It 
is possible that non-marine deposits in the Lake Superior basin 
may have merged into the marine deposition of the Cambrian 
sea. 
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Foxboro, well, 46. 
Freda sandstone, 

analysis, 52. 

defined, 48-49. 

local details, 55-56. See particular 
localities. 

structure, 92-93. 

thickness, 50. 

views, 58. 
See Oronto group. 
Fuller, M. L., Cit^d ; see Hall, C. W. 



GabbbOj Keweenawan, 84-85, 105. 

described, 7. 
See Southern Highland. 
Good Land Co., mentioned, 5. 
Grant, U. S., aid acknowledged, 4. 

cited, 19, 20, 22, 44, 66, 75, 76, 
77, 80, 81. 

view by, 50. 

work, 19-20. 
Graveyard Point, See Clinton Point. 
Grout, F. F., aid acknowledged, 4. 

cited, 21. 22, 45, 58, 88. 

work, 21. 
Ground water, work, 31-32, 102. 



Hall^ C. W., cited, 20, 21, 22, 58, 59, 
60, 86, 88, 91. 

work, 20. 
Ilerbster, geology, 40, 42. 

mentioned, 11. 

view near, 30. 
Hermit Island, 

analysis of sandstone, 28. 

geology, 36-37. 

Joints, 96-97. 

quarry, 36-37. 
High Bridge, geology, 16, 19. 
Holyoke, Minn., geology, 45. 
Hotchkiss, W. O., aid acknowledged, 4. 
Houghton, analysis of sandstone, 28. 

geology, 35. 

joints, 96-97. 

photomicrograph, 26. 

quarries, 33, 35, 46. 
Houghton Point, see Houghton. 
Huron ian rooks, 

extent, 7, '57, 58. 

deformation, 105. 

described, 7, 73, 84-87. 

geologic history, 105. 
See St Louis River. 



IRON, oxidation of, 102. 
source of, 102. 
See Bayfield group : iron banding, Or- 
onto group. 
Iron River, geology, 43, 75, 90. 
Irving, R. D., cited, 6, 12, 15, 16, 17, 
22, 23, 27, 28, 33, 42, 50, 64, 55, 
56, 57, 58, 81, 88. 
work, 15-17. 

Jacobsville sandstone, correlation, 14- 
16, 103-105. 

relation to Bayfield group, 103-105. 
See Cambrian, 
.lohnson, J. E. Jr., aid acknowledged, 

4, 66. 
Joints, diagram. 97. 
table, 96. 
See particular localities and forma- 
tions. 

Kkttle River, geology, 58-50, 60-61, 

104. 
Keweenawan period, 

age of, 103, 105. ; 

geologic history, 105. 
See Trap.s, also particu'ar localities. 
Kcweonnwan rocks, area, 7. 
Kew^eonaw Point, fault, 18. 
mentioned, 3, 21. 
origin. 98. 
See Jacobsville sandstone ; Cambrian. 
Krcy. J., cited, 6, 23. 



Lake Duluth, describcfd, 13. 

See Lake Superior : raised beaches. 
Lake St. Croix, Douglas Co., mentioned, 

13. 
Lake Superior, origin of, 108. 
origin of west end, 95-99. 
raised beaches, 8-13. 
tilting, 13. 
view of beach, i. 
Lake Superior group (of Michigan), 
14-16, 25, 103-105. 

See JacobRvillc sandstone ; Cambrian. 
Lake Superior group (of Wisconsin), 

See Bayfield group. 
Lake Superior syncline, 

extent, 60, 88, 92, 104. 
folds in, 88-89, 92-94. 
sedimentation In, 103, 106-109. . 
Lake Superior Iron ft Chemical Co., 
well, 65-66. 
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I,ake Survey. See V. S. Lake Survey. 
Land Survoy. ^Ve U. S. Land Survey. 
Lane, A. C, aid acknowledged, 4. 

cited, 21, 23, 48, 50, 55, 104. 

work, 21. 
Lang, F. N.. aid acknowledged, 4. 
Lapham. I. A., mentioned, 16. 
Launch, used In survey, 

described, 3. 

view, 1. 
See Field work. 
Lehncr. V.. cited, 52. 
Lelth, C. K., aid acknowledged, 4. 

• cited, 12, 24. 105. See Van Hlse. 

mentioned, 21. 
Loverett. F., cited. 13, 23. 

work, 12. 
Little Manitou Island, described, 0. 
Long Island, described. 12. 
Lost creek, geology, 39. 



Madeline Island, 

analysis of sandstone, 28. 

described, 9, 10. 

geology, 3.5, 80. 

mentioned, 11. 
Mapnotite deposits, 27, 54. 

flg. of, 53. 

origin. 102. 

value, 58. 

view, 1. 
Maple, geology, 90. 
Mai>s of district, described, 3. 
Marble Point, aee Clinton Point. 
Martin, L., cited. 6. 24, 91. 

mentioned, 21. 
Mason, geology. 98. . 

well. 55. 
Meads. A. D,. cited, 23. 
Meinzer. O. E., cited, aee Hall. C. W. 
Mendota limestone, 60. 
Merrill, J. A., aid acknowledged. 4, 73. 
Michigan, geolojry, aee Cambrian; Jacobs- 
villo sandstone; Munising sandstone, 
and particular localities. 

Middle River, 

analysis of shale, 52. 72. 
described by Grant. 20; by Sweet, 

16. 
geology. 41. 44, 52, 54, 62. 6^-69. 

73-74. 76. 83, 90. 

map. 66. 

mentioned, 43, 49. 
photomicrographs of rocks, 68, 72. 

structure, 66, 83. 90. 

views, 50, 74, 90. 



Minneapolis, geology, 59. 
Minnesota, geology, see Clastic Berles; 
Cambrian ; formations and localities. 
Minnesota Geological and Natural His- 
tory Survey, work, 17. 
See Wlnchell, N. H. 
Minnesota Point, described. 12. 
Minnesota range, aee North Range 
Mission Creek, Minn., geology, 84-87. 
92. 

See St. I^uls River. Fond du Lac. 
Montreal River, analysis of aandstone. 
52. 

geology. 18, 19, 21, 56-57. 
structure, 21, 50. 
Mud cracks, 

mentioned. 33, 35. 52. 68. 
origin, 101-102, 106. 
Oronto group. 53. 
Munising sandstone (of Michigan). 104- 

105 ; ace Cambrian. 
Musback, F. L., aid acknowledged, 4. 



Xfmadji River, geology, 45. 
Nonesuch formation 

analyses, 52. 

character, 51. 

defined, 48. 

economic products, 68. 

local details, 55. 

mentioned, 60. 

thickness, 51. 
See Oronto group. 
North Coast Fault, aee Faults. 
North Twin Island, geology. 38, 95. 
North range, 

d«»scrlbed. 8. 

geology. 88. 98. 

mentioned, 11. 

view, 8. 
Norwood. .1. G., cited, 28. 

work. 14. 

Oak Island, described, 9. 

geology, 37, 94. 

joints, 96-97. 

mentioned, 11. 
Odanah, mentioned. 12. 
Orlenta, geology, 43. 

quarry, 43, 46. 
Sfc Iron River. 
Orlenta sandstone. 

analyses, 28. 

bedding, 29, 30. 

brown stone, 45-46. 

defined. 26. 41. 
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economic products, 45-46. 

extent, 41. 

general section, 41. 

joints, 96-07. 

local details. 42-45. 62-^7. 69-73 ; 

see particular localities, 
mentioned, 41, 55. 
photomicrographs^ 44. 
structure, 95. 
thickness, 41. 
views, 30, 40, 90, 92. 
See Bayfield group. 
Oronto Bay, geology, 56. 
mentioned, 49. 
joints, 96-97. 
structure?, 92-93, 98. 
Bee Oronto RWer. 
Oronto group, 
age, 103. 
analyses, 52, 72. 
bedding, 53, 55. 

character, general, 49, 100-102. 
compared with Bayfield group, 49 ; I 

with Cambrian, 101. 
composition, 51. 
correlation, 73-74; by Irring, 16- 

17: by Winchell, 18-19. 
defined, 2, 25, 48-49. 
economic products, 58. 
extent. 40, 58. 

geologic history, 106-107, 109. 
Jofaits and faults. 96-97. 
local details. 54-57, 62-67, 69-78, 

84. S€€ particular localities, 
mentioned, 25, 32. 
metamorphism, 104. 
mud cracks, 53. 
origin. 101-102. 
relation to Bayfield group, 62, 73- 

74. 84. 
salt water, 58, 102. 
source of material, 51, 100, 107. 
structure, 88. 90-95. 
subdiyisions, 50. 
thickness, 49-50. 
Sie Bayfield jrroup ; Clastic series, 
and particular formations. 
Oronto River, geology, 21, 56-57. 
mentioned, 15. 
view, 58. 
Outer conglomerate, 
described, 57. 
mentioned, 48, 49. 
origin, 105-106. 
thickness, 51. 
See Oronto group. 



Outer Island, geology, 1, 87. 

mentioned, 9, 08. 

vlcfw, I. 
Owen, D. D., cited, 14, 23, 38, 30, 42. 

work, 14-15. 



Paint rock, 58. 
Paleozoic, see Cambrian. 
Panic of 1893, effects of, 46. 
Patterson's well, 73. 
Pebbles, significance of, 32, 102. 

Bee Bayfield group. 
Penokce Range, described, 6-7; by Irv- 
ing, 15; by Whittlesey, 15. 

geology, 89. 
See Southern Highland. 
Photomicrographs, see list of illustra- 
tions, particular formations, and lo- 
calities. 
Pikes Quarry (Bayfield Co.), geology. 
31, 35-36. 
joints, 96-97. 
Pine Barrens, described, 9. 
mentioned, 6, 11. 
See Bayfield Ridge. 
Pleistocene deposits, described, 13. 

See Drift. 
Point Detour, geology, 38, 94-95. 
Poplar River, geology, 43, 90, 94-95. 

joints, 96-97. 
Port Wing, analysis of sandstone, 28. 
geology. 42, 44, 67. 
joints, 96-97. 
photomicrograph, 44. 
quarry, 42-46. 
Potato River, geology, 56-57. 
Potsdam sandstone, described, 60. 
Minnesota, 84. 

relation to Bayfield group, 103; to 
red clastic series, 59-61. 
See Cambrian 
Pre-Keweenawan rocks, described, 57. 



QCARRIGS, described, 31, 35-37, 42-46, 

58. 
See particular localities. 
Quarry industry, causes of decline, 46, 
condition in 1910, 46. 
future of, 47. 

Rain prints, 53, 71. 

significance, 101-102. 
Randall. A., work, 14. 
Recent deposits, described, 13. 

See Drift. 
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Ripple marks, figs, of, 40. 
origin, 39-40, 101, 106. 
used to determine top of strata, 68, 
76. 

St. Choix valley, geology, 16, 21, 60, 
88, 104. 

See Cambrian ; Clastic series. 
St. Louis Bay, described, 12. 
St. Louis River, bedding, fig. of, 69/ 
described by Winchell, 17-19. 
geology, 13, 54, 62, 69-74, 84-87. 
mentioned, 45, 49, 94. 
phi^tomlcroKraphs, 44, 72. 
structure, 91-92. 
views, 74, 94. 
Sec Short Line Park, Fond du Lac, 
Mission Creek. 
St. Taul. mentioned, 91. 
Salmo. geology, 35. 

Salt water, found In wells, 58, 66, 73, 
85. 

significance of, 102. 
See Wells 
Sands, lake, 10. 

glacial, 10-11, 13. 
maRnotito, i. 27, 54. 
Sand Cut, described, 12. 
Sand grains, shape of, 101, 102. 

See particular formations. 
Sand Island, geology, 10, 39, 42. 
Joints. 96-97. 
mentioned, 11. 
views, 30, 40. 
Sand Point, geology, 33. 
Schrocder, ,7ohn. Lumber Co., 

mentioned. 5. 
Seaman, A. E.. cited, see Lane, A. C. 
Section corners, condition of, 3. 
Shearing, in Bayfield Group, 94-95. 
^ Short Line Park, Minn., drill hole, 19, 
85-87. 

geology, 92. 
structure sections, 86. 
See St. Louis River, Mission Creek. 
Silver, 58. 

Silver Creek, geology, 15, 19. 
Siskowit Point, analysis of sandstone, 
28. 

bedding, 29. 
geology, 42. 
Siskowit River, geology, 39. 

joints, 96-97. 
Soils Division, work, 4, 12. 
Southern Highland, described, 6-7. 
geology C-7, 13. 



mentioned, 12, 49. 

view, 8. 
South Range, described, 7-S. 

view, 8. 
See Douglas fault, Douglas Riange, 

and particular localities. 
Spits, sand, 10. 
Spotting, origin of, 101-102. 
Squaw Bay, caves, 10. 

geology, 39. 

views, 40, 04. 
Squaw Point, geology. 42. 
Stearns, J. S., Lumber Co., mentioned, 

5. 
Stillwater, Mhin., drill hole, 10, 60. 

geology, 59-60. 
Stockton Island, geology, 37. 
Joints, 96-97. 
mentioned, 9, 10, 
Striae, glacial, 43. 
Superior, geology, 13. 73, 01, 08. 
mentioned, 11, 16. 
wells, 49, 62, 73. 
Superior Bay, described. 11-12. 
Sweet, E. T., cited. 6, 15, 16, 23, 28. 43, 
44, 45, 66, 76, 77, 80, 89. 
work, 15-16. 

Thomson slate, 73, 85-87. 
sections showing, 70, 86. 
See St. Louis River; Short Line 
Park : ITuronian. 
Toole, E. H.. aid acknowledged. 4. 
Townships (does not Include localities 
otherwise designated) : 
T. 46. R. 4 W., Sec. 6, geology, 65. 
,view, 58. 

R. 15 W.. Sec. R, geology, 45. 

T. 47. R. 3 W., Sec. 25, geology, 54. 

R. 4 W., Sec. 5. geology, 66, 

Sec. 10. geology. 57. 
. R. 5 W.. Sees. 11. 14. 15, geol- 
ogy, 62-65 ; map. 62. 
Sees. 20, 21, geology. 54. 

R. 13 W., Sec. 7, geology, 44. 

R. 14 W., Sec 7, geology. 80. 

Sec. 21, geology, 80-81. 
Sec. 29, geology, 45, 81. 
T. 48. R. 5 W., Sec. 23, geology, 34. 
R. 10 W., Sec. 30. geology, 44, 

70. 

R. 14 W.. Sec. 27, geology, 45, 

R. 16 W., Sec. 1. view, 04. 

T. 49, R. 14 W.. Sec. 24, geology. 
73. 
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Traps, Keweenawan, 

area, 7-8. 

copper In, 19. 

described, 57. 

thickness, 89. 

view, 74. 
See particular localities. 
Trap rani^os, see Douglas Range ; North 

Ran;?e. 
Turvlll, T., aid acknowledged, 4. 

United States, Bureau of Soils, work, 
12. 

Dept. of Agriculture, cited, 12, 24. 
Gcolof^lcal Survey, aid acknow- 
ledged, 34. 
Lake Survey, mentioned, 4. 
Lnnd Survey, 3-4. 
Treasury Dept., mentioned, 14. 

Valleys, drowned, 11. 

post glacial, 11-13. 

pre-glftclal, 13, 98-99. 
Van Hlse. C. R., cited, 12, 105. 

mentioned, 76. 
fiee Lcith, C. K. 
Veins, calclte, 53, 57. 

Washburn, geology, 29, 35, 

Joints, 96-97. 

structure, 39. 
Washurn beds (of Chequamegon sand- 
stone), 33-^4. 
Way man Point, geology, 65. 



Weldman, S., aid acknowledged, 4. 

cited, 58. 
Wells, Ashland, 62, 65-66. 

Birch, 93. 

Foxboro, 45. 

Mason, 55. 

Short Line Park, Minn., 8&-87. 

Stillwater, Minn., 60. 

Superior, 49, 62, 73, 91. 
Western Plain, described, 11-12. 

geology, 41. 

mentioned, 7, 25. 

view, 8. 
Western sandstone, 2, 16, 17, 25. 

See Bayfield group. 
Western sandstone (of Michigan), de- 
fined, 48. 
See Oronto group. 
White River, analysis of sandstone, 62. 

geoloffy, 55, 93-94. 

Joints, 96-97. 

structure, 93-94. 

view, 58. 
White River Lumber Co., well, 55. 
Whittlesey, C, cited, 15, 24. 

work 14, 15. 
Wilson Island, see Hermit Island. 
Wlnchell, N. H., cited, 17, 19, 23-24, 69, 

70, 85 86. 

work, 17-19. 
Wind action, evidences of, 102. 
Wisconsin Point, described, 12. 
Wood, K. T., aid acknowledged, 3. 

VORK Island, geology, 38. 
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